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PREFACE TO FOURTH EDITION. 


This book Ims come to be recognised as a standard text- 
book on tJie subject, and tlie demand for copies during the 
war was so constant that there was no opportunity for* 
revision. Rather than again reprint without bringing up 
to date, the publishers have risked the book remaining out 
of print for eighteen months whilst the work has been 
thoroughly revised. 

The importance of the subject is shown by the fact tliat 
already the Navies of the world are practically dependent 
on oil fuel ; and for the mercantile marine, in the light of the 
miners* diminished output, there is significance in the grow- 
ing tendency to abandon coal as the motive-power for the 
substitution of oil in fast-developing divergent lines, the 
steam-driven ship either turning to oil -as furnace-fuel or to 
internal-combustion motors. Even in the space of a year 
the change over from coal to oil is remarkable, the number 
of oil-driven ships incrf‘asing from 2180 to 2950 ; and while 
the total number of ships in the world has only increased 
9 per cent., oil-driven ships have increased by more than 
S5 per cent. 

For a like reason, and partly owing to the increasing 
sizD of locomotives, oil fuel is also being more extensively 
used on tlie railways of the world. These and other 
applications bring liquid fuel, with its many advantages 
in transport, into such importance as to render necessary 
the closest study of its many applications. 

ED, bUTLER. 

Bccmnher, 1920, 




PREFACE. 


In this treatise it has been the endeavour of the author to 
present to engineers, users, and others, an exhaustively and 
systematically classified record of the developments and 
progress made in the application of oil fuel for all steam - 
raising, metallurgical, and other purposes — except internal 
combustion engines — for which liquid fuel can be usefully 
employed. 

The gradual evolution of the many forms of burners to 
their present state of eflSciency; the various problems con- 
nected with the combustion, of oil fuel in a furnace; the 
advantages, economic and mechanical, which accompany 
the use of fuel in a liquid form for different purj)oses — 
these subjects, as well as the vitally important one of 
supply, have all been dealt with in the light of the latest 
experience. 

In so doing, Mr Sidney North's original work on Oil 
Fuel, as also useful information appearing in various 
technical publications, have been largely drawn upon, and 
the author's thanks are here tendered, and to the several 
firms who have kindly afforded information regarding their 
productions. 

ED. BUTLER, 

Lom>ON, May 1914. 
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CHAPTER 1. 

ORIGIN, PBODUOTION, AND SOURCES OF SUPPLY. 

Liquid fuel for the most part is derived from crude mineral 
oil known as petroleum or rock-oil, of which there is evi- 
dence that at least some of its properties have for ages 
past been recognised both in the East and in the West, where, 
formerly known as fire-water in the district round the 
Caspian Sea and in certain parts of Mexico, and as medicine- 
water in Pennsylvania arid other States of America, its 
uses were, as far as we know, mostly confined to ceremonial 
rites and to healing ; but of its tremendous potentiality as a 
combustible and of its wide distribution there had been no 
conception, until after Drake's discovery in 1859 of a means 
for artificially increasing its production by drilling. 

But, concerning the origin of petroleum — which, like coal, 
is composed of carbon and hydrogen in varying proportions 
— nothing definite is known ; however, as its occurrence is 
more often than not associated with salt deposits, and is 
found either under extinct sea-beds, or at varying depths 
adjacent to, or even under, present sea-shores in widely 
di^ributed parts of the world, its origin must in some way 
be influenced by the action of salt water, eitlier on vegetable 
or animal matter, or both; but obviously under circum- 
stances of temperature, pressure, and time which would 
render anything approaching an exact demonstration of 
nature's process an impossibility. However, it has been 
demonstrated that liquid hydrocarbons, mfore or less identi- 
cal in composition to petroleum, can be distilled from almost 
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any kind of organic Tiiatter, and in considerable quantity 
from shale deposits, from peat, lignite, and bituminous 
coal ; 1 even from seaweed, for as much as 3 gallons of 
volatile oil plus 4 gallons of heavy oil have been distilled 
under suitable temperatures from a ton (dried) of this 
universally distributed substance, and bearing in mind 
that as this must have existed in immense quantities in 
the warm waters of the early geological period, would 
point to marine life and vege^tion as the most probable 
origin of all mineral oil. 

The geological conditions favouring the production and 
concentration of petroleum are termed oiUaawh, which are 
really rock of a porous nature, as distinguished from strata 
of clay, gravel, granite, and other rocks, and when ground 
up by the drill has the appearance of shaiq) sand.^ Oil- 
bearing sand strata are often found overlying a bed of salt, 
as in those of Tampico (Mexico), and at depths varying 
from 100 feet or so, as in some of the Pennsylvanian 
wells, down to several thousand feet, as in the Caspian 
fields and in those of California. The thickness of the oil- 
sands may vary from 5 to 50 feet or more ; also the depth 
may vary considerably according to the anticlinal disposi- 
tion of the oil-bearing strata, and in many extensive 
synclincs is either beyond reach or found mixed or under- 
laid with brine. 

The size and cost of an oil-well naturally depends on the 
depth it is found necessary to bore down to : those in the 
Californian fields, for instance, are often carried down to 
levels exceeding 2000 feet, or even 3000 feet, and are started 
large enough for the insertion of 15-inch or even 18-inch 
casings, these tapering down to 8-jnch or 6-inch diameter 
at the tottom ; while in Pennsylvania, witli shallower wells 
seldom exceeding 600 feet in depth, it is only necessary to 
use a casing diameter varying from 8 to 6 inches, or even 
as small as 6 to 4 inches. Oil is found in the Mexican 
fields, and also in those of Borneo, at intermediate depths, 
seldom exceeding 1000 to 2000 feet ; while in the Caspian 
fields ® enormous casings ar(3 necessary owing to the loose 
nature of the ground, 18 inches or even 24 inches being 

> W. H. Orniaudy, U8c. * F. T. Ostrander. 

• A. Beeby Thomson. 



OBiaiN, PEODtrCJTION, AND SOUECES OF SUPPLY. 8 


quite coiiimon, and as the average depth there is somewhere 
about 2000 feet, the weight of ditferent*sized casing may, 
and often does, exceed 100 tons for a single well, which 
at £12 per ton meant a cost of over £1000 in pre-war 
days for casing only. The cost of drilling, however, is the 
greatest item, although not a serious matter for wells of a 
few hundred feet or so, these then usually averaging from 
£400 to £600 each ; hut in California, where wells are often 
bored down to levels 3000 to 4000 feet deep, and in a few 
instances even down to the 5000-feet level, the cost may 
increase to £10,000, or even £15,000, for a single well.^ 
Originally many oil-wells were dug by hand, and in 
Yenangyaung (Burraah) and Roumania have been carried 
down by this method to depths of 300-400 feet and even 
500 feet under favourable circumstances, but naturally 
involves considerable danger from caving-in and lack of 
ventilation. The prevailing method everywhere now, 
needless to say, is to use some form of power-driven boring 
machine, of which there are several systems, but are mainly 
variants of either the percussion free-falling tool, or of the 
hydraulic rotary systems, a detailed description of which, 
together with that of the various methods used for raising 
petroleum to the surface from deep wells, are included in 
Modern Pumping and Hydraulic Machinery.^ 

One of the most importiint factors in connection with the 
use of liquid fuel is the supply available for the various 
purposes to which it is now being put. As time goes on 
this element will probably not play so important and con- 
trolling a part ; but for the United Kingdom, having no 
proved oil deposits of much importance, except the shale 
oil o! Scotland, and those recently discovered in Norfolk, 
the supply must always exercise a more than usually 
important influence on the matter of its employment. At 
first the chief source from which oil could be obtained was 
Caspiania and Pennsylvania, while it has also been obtained 
in smaller quantities from other countries. The oils 
obtained from the * Baku and Maikop fields are • more 
suitable for the production of 'that quality of residual 
which is adaptable to fuel purposes. During the last 
twenty years or so, however, several otlfer large deposits 
Ostrander, * E. BnUer; Lowlon, 0. GrifiSn k Co., Ltd. 
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of heavy oil have been discovered in different parts of the 
world, which supplement, to a very important extent, the 
previous sources of supply. These discoveries have been 
made in Btnrmah, Siam, Java, the island of Borneo, and in 
Texas, California, Mexico, Peru, Algeria, and BWpt; and 
later in Nigeria, Trinidad, Venezuela, Cu^, and Persia ; in 
Turkestan, Saghalien, Colombia, Papua, and quite recently 
in Mesopotamia in considerable promise ; oil-bearing 
sands* have also been found to exist in England and 
France, and a number of other parts of the world. Many 
of these have been more of the heavy oil class, providing 
a proportionately small amount of the volatile products, 
but yielding good supplies of lubricating oil and oil suitable 
for fuel purposes. In fact, since the discovery and develop- 
ment or the great Pennsylvanian fields no oil has been 
found of such a high grade — that is, capable of yielding so 
large a percentage of illuminating oil and motor-spirit. 

It is a most difficult problem to estimate the stores of 
oil available in the various fields; for, unlike coal and 
other solid minerals, the only indication of the supply that 
one can obtain is the condition of the wells and the super- 
ficial area of the land which is believed to be oil-bearing. 
Naturally, this is a very rough and ready, not to say 
misleading, method of arriving at a decision as to the 
quantities available, and although attempts have been 
made to give figures representing the latter, it is quite 
impossible to rely on them. If the estimates^ of the 
quantities of coal stored in the United Kingdom can only 
be accepted as slightly approximate, much more so must 
those referring to oil be held in doubt. The usual method 
of arriving at a figure in connection with oil supply is to 
take the area designated as oil-bearing, the number of 
wells it is possible to put down, and the average output 
that each well may be expected to yield. Anyone with 
the slightest acquaintance with the oil industry will 
recognise what a very unreliable method this is. It is 
certain, to begin with, that the whole area is not similarly 
productive, and that one well may produce and another 
may not, also that certain spots away from the anticlinal 
will not be productive at all. Therefore not only is it 

1 Vide p. 18. 
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impossible to estimate the quantity of oil that may be 
available or to say with any certainty that the available 
supply will last over any considerable length of time with the 
consumption increasing at the present rate; for whereas 
the total production in 1902 from all sources did not exceed 
a total output of 28 million tons, the output for 1909 had 
increased to nearly 43 million tons, representing an increase 
of nearly 60 per cent, in seven years, this production being 
obtained in countries distributed over a wide area, as will 
be gathered from the following : — 

Production of Oid in 1P09, 


Coutitry. 

Millions ot Tons. 

Coimtry. 

Millions of Tom. 

Uiiitt‘d States 

. . 24 

Canada . 

. 0*6 

Russia . 

. 9 

Mexico . 

. 0-36 

Boriieo and Java 

. . 1-7 

Japan 

. 0-26 

Oalicia . 

. 1-6 

Peru 

. 0*16 

R<nimaiiia 

, 11 

Germany 

. 016 

Burmah • 

. . 0*8 

Other places 

. 3 


Total supply 

. . . 4271 

From which it will be seen 

that, next 

to the combined 


output of the U.S.A. oil-fields, including those of Calforhia, 
Texas, and Pennsylvania, Russia then ranked second in 
importance with its new Maikop oil-fields, in addition to 
those bordering on the Caspian Sea. In regard to the 
latter, the principal drawback is their geographical position, 
which, however, might bo greatly improved by providing 
more reliable facilities for the transport of the oil to the 
seaboard of the Black Sea. The 8-inch pipe line, which 
was not completed until 1906, and at first only used for 
the transport of refined illuminating oil, is not only waste- 
ful, but costly to work and maintain, on account of the 
number of relay stations required. The cost of conveying 
oil along the (500 miles separating Baku from Batoum was 
then reduced to 15s. per ton, thus raising the price of oil 
fix)m 20s. to 35s. per ton, and considered high, but is much 
less significant with the present prices of liquid fuel. The 
production of fuel oil in Russia in 1913 amounted to nearly 
10 million tons, of which output the greater proportion 
was consumed in the country itself, the bulk, of course, on 
the various railways. The quantity Exported is but a 
small proportion of the quantity produced, the remainder 
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being retained for the Caspian Sea vessels and for industrial 
purposes. Thus it will be seen that Russia did not then 
help the liquid-fuel trade in foreign countries to any great 
extent, and now still less. 

The next supply to enter into competition is derived 
from the island of Borneo, and is obtained from fields 
owned and developed by the Shell Transport and Trading 
Co. The oil raised here produces, besides fuel oil suitable 
for steam raising and for large power oil-engines, a con- 
siderable percentage of light oil suitable for automobile 
and other motors. A large quantity of this is brought 
into this country and disposed of for use in metallurgical 
work and for power purposes. But, as to the extent of 
the supply in the East Indian fields, this is as unknown as 
that in Persia, Roumania, Mexico, or in California, and a 
number of other countries. However, the Borneo fields 
have been tested over an immense area, wells having been 
put down as much as sixty miles apart at points running 
longitudinally, and the same description of oil in large 
quantities has been found. Borneo oil is limpid, contains 
but little solid residuum, and yields about 25 per cent, of 
illuminating oil and motor-spirit, plus GO per cent, of fuel 
oil. The output for 1918 was close on one million tons. 

The Texas fields are of a very different nature from those 
of Russia and Borneo, in that the wells put down have 
turned out to be nearly all gushers of a very high pro- 
ducing power in the first instance. Certainly, this field 
has proved to be more of a temporary producer than any of 
its contemporaries. In Borneo, Burmah, California, Okla- 
homa, and Mexico, for instance, the wells have been much 
more moderate in their manner of yielding the oil, although 
it should be mentioned that in 1908 the Dos Bocas well in 
Tampico commenced to spout from a depth of 1800 feet, 
and continued for seven weeks at the rate of approximately 
20,000 tons per day — which yield was for the most part 
unfortunately lost by fire before the pressure became 
exhausted ; while in Russia, although most prolific spouters 
have been common, these have been spread over a wider 
area, and have not liad the appearance of being fed from 
the same source. This is an important feature in the case, 
because it affects the exhaustibility of the supply one way 
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or the other. When the Texas wells began to yield, the 
output amounted to as much as 1500 tons a day per well, 
some even exceeding this figure; after a few months, how- 
ever, the gas-pressure greatly diminished, and the daily 
output was, of course, substantially reduced, and three and 
a half years after the bringing in of the field, the yield of 
the wells was not more than 15 tons per well per day, and 
is now less than forty million barrels per year, this 
diminished supply having to be raised by means of pumping. 
America has ample scope and possibilities of consuming all 
that her several fields can yield, and there is thus more 
reason for oil to affect the position of coal in certain 
districts in that country than of its doing so as an imported 
commodity in this. Other fields, however, are being opened 
up in Texas which may supplement the deposits of the 
Beaumont field. 

As regards the Californian supplies and their relation 
to the liquid-fuel question, this oil is admirably suited 
for fuel purposes, but being comparatively turbid, contains 
a high percentage of solid residuum, and very little 
of the light oil series ; there is, however, a plentiful and 
regular supply. At the present time the most of the 
available supply is consumed in California itself, chiefly on 
the railways and by the various coastal steamers; this oil 
is also extensively used in various industrial est#iblishments 
in and around San Francisco ; thus the Californian supply 
does not affect the Eastern markets t-o a material extent. 

The Pennsylvanian fields constituted for many years the 
principal supply obtained in U.S.A., and as far back as 
1872 this State produced at the rate of 20,000 barrels per 
da;y, equal to approximately 7,000,000 barrels in the year, 
which rate has been maintained and in some years exceeded 
ever since, as shown in the table below : — 


Year. 

Barrels. 

1909 . 

10,434,000 

1910 . 

. 9,848,000 

1911 . 

9,201,000 

1912 . 

8,712,000 

1913 . 

. 8,865,000 

1914 . 

9,109,000 

1915 . 

8,726,000 

1916 . 

8,466,000 

1917 . 

. 7.733,000 

1918 . 

. 7,408,000 
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The value, however, of this supply has considerably 
appreciated, for whereas in the early years, what with 
limited demand, difficulties of transport, and rate competi- 
tion, the price had been known to fall to a few cents per 
barrel, and in 1916 was only $1.35, in 1918 the price had 
advanced to $4.25, and is now nearly $5 per barrel, despite 
the enormously increased production in other fields in 
U.S.A. and other parts of the world, showing for U.S.A. 
alone a production equal to a million barrels per day, which, 
as the world's present total output is 600 million barrels 
per year, is equal to over 70 per cent, and in 1912 was 75. 
But the most significant factor is the increasing consump- 
tion, the demand for oil now in U.S.A. actually outstripping 
the supply, so much that in 191 9 nearly 60 million barrels 
of crude was imported from Mexico. According to the 
U.S.A. Geological Survey, American consumption has 
nearly doubled since 1911, in which year the supply was 
equal to the demand, as shown in the table below^ — 


Year. 

CkiuBtimptioii. 

Actual 

Production. 

Marketed 

Production. 

Imports. 


406.000. 000 

376.000. 000 

296.000. 000 

260.000. 000 
225,000,000 

354.000. 000 

328.000. 000 

305.000. 000 

250.000. 000 

229.000. 000 1 

370.000. 000 

348.000. 000 

280.000. 000 

250.000. 000 

225.000. 000 

53.000. 000 

28.000. 000 
16,000.000 
10,000,000 


The following table shows the production from the 
several principal fields in 1918; — 

ItaiTela. 


Oklahoma 






108,300,000 

California 






97,500,000 

Kansas . 






46,400,000 

Texas 






88,700,000 

Louisiana 






16,000,000 

Illinois 






13,300,000 

Wyoiniug-Montana 






12,600,000 

West Virginia 






7,800,000 

Pennsylvania 






7,400,000 

Ohio 






7,300,000 

Kentucky 






4,400,000 

Indiana 






870,000 

New York 






800,000 

Colorado 






140,000 

Otlier States . 





• 

410,000 

Total . 

• 


. 


• 

855,920,000 
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According to mother authority the production from 
Ctilifomia in 19] 8 was 102,640,000, and in 1919, 101,907,000 
barrels ; and the total annual production from all countries 
for the " last ten ” years was as follows : — 


In 1908 it amounted to 178*5 million barrels. 

II imO ,, 91 281 ,, 

„ 1916 „ „ 800 

II 1917 ,, ,, 836 ,, 

II 1918 ,, ,, 849 ,, 

I, 1919 „ ,9 866 

Banking next in importance, as far as present indications 
show, are the extensive oil-fields of Mexico, the most pro- 
ductive of which are the Juan Casiano, Los Nuranjos, 
Tepetate Chinampa, and Chijoles, where more than 800 
wells have been drilled, 300 of which are still in profitable 
production, plus an additional 90 in which the pressure is 
exhausted, the remaining 420 having been closed down 
cither for lack of pressure or from being water-logged. 
There are besides this 120 in course of drilling, plus another 
140 located, the present output, as shown below, equalling 
one-sixth of the world’s supply : — 


Total Proiutotion of Cruob Oil in Mf.xico. 


Year. 

1910 

1911 

1912 
1918 
1914 
1916 

1916 

1917 

1918 

1919 

1920 


Barrels. 

3,333,000 

14,080,100 

16.560.000 

26.700.000 

26.240.000 

83.000. 000 

40.400.000 

56.000. 000 
64 000,000 

87.000. 000 
120,000,0001 


Although the total production of Russia in 1913 was 
equal to one-third of the world’s supply, it is now less 
tlian one-eighth, and as many of the wells there are water- 
logged and mostly dependent on pumping, the importance 
of Caspiania for the world s future may be neglected, as 
more than the total output will be requir^l for the interior, 

^ Estimated. 
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The value, however, of this supply has considerably 
appreciated, for whereas in the early years, what with 
limited demand, difficulties of transport, and rate competi- 
tion, the price had been known to fall to a few cents per 
barrel, and in 1915 was only $1.35, in 1918 the price had 
advanced to $4.25, and is now nearly $5 per barrel, despite 
the enormously increased production in other fields in 
U.S.A. and other parts of the world, showing for U.S.A. 
alone a production equal to a million barrels per day, which, 
as the world’s present total output is 500 million barrels 
per year, is equal to over 70 per cent, and in 1912 was 75. 
But the most significant factor is the increasing consump- 
tion, the demand for oil now in U.S.A. actually outstripping 
the supply, so much that in 1919 nearly 60 million barrels 
of crude was imported from Mexico. According to the 
U.S.A. Geological Survey, American consumption has 
nearly doubled since 1911, in which year the supply was 
equal to the demand, as shown in the table below,: — 


Year. 

OoutumpUoQ. 

Actual 

Production. 

Marketed 

Production. 

Itnporte. 

m 

406.000. 000 

378.000. 000 

296.000. 000 

260.000. 000 
225,000,000 

354.000. 000 

328.000. 000 

305.000. 000 

250.000. 000 

229.000. 000 

370.000. 000 

348.000. 000 

280.000. 000 

250.000. 000 ! 

225.000. 000 1 



The following table shows the production from the 


Oklahoma 






Sarrela. 

108,300,000 

Califoinia 






97,500,000 

Kansas . 





• 

46,400,000 

Texas 






88,700,000 

Loaisiana 






16,000,000 

Illinois , 






13,300,000 

Wyoraing-Montaua 






12.600,000 

West Virginia 






7,800,000 

Pennsylvania 






7,400,000 

Ohio 






7,300,000 

Kewtnoky 






4,400,000 

870,000 

Indiana 






New York 






800,000 

Colorado 






140,000 

Other States . 






410,000 

Total . 

. 

• 



* 

856,820,000 
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According to ajiother authority the production from 
California in 1918 was 102,640,000, and in 1919, 101,907,000 
barrels ; and the total annual production from all countries 
for the ** last ten ** years was os follows : — 

In 1908 ifc amounted to 178*5 million barrels. 


1915 

ft 

281 

1916 „ 

yi 

300 

1917 „ 

)) 

335 

1918 

tf 

849 

1919 

*9 

366 


Ranking next in importance, as far as present indications 
show, are the extensive oil-fields of Mexico, the most pro- 
ductive of which are the Juan Oasiano, Los Nuranjos, 
Tepetate Chinampa, and Chijoles, where more than 800 
wells have been (frilled, 300 of which are still in profitable 
production, plus an additional 90 in which the pressure is 
exhausted, the remaining 420 having been closed down 
either for lack of pressure or from being water-logged. 
There are besides this 120 in course of drilling, plus another 
1 40 located, the present output, as shown below, equalling 
one-sixUi of the world's supply : — 


Total Production of Obudb Oil in Mexico. 

Year. Barrels. 

1910 




3,333,000 

1911 




. 14,080,100 

1912 




. 16,560,000 

1913 




. 25,700,000 

1914 




26,240,000 

1915 




33,000,000 

1916 




. 40,400,000 

1917 




66,000,000 

1918 




. 64 000,000 

1919 




. 87,000,000 

1920 




. 120,000,000 


Although the total production of Russia in 1913 was 
e()ual to one-third of the world's supply, it is now less 
than one-eighth, and as many of the wells there are water- 
logged and mostly dependent on pumping, the importance 
of Caspiania for the world's future may be neglected, as 
more than the total output will be required for the interior. 

^ Estimated. 
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Oil Springs, where the first Canadian crude was struck 60 
years or more ago, and which has been producing from the 
deeper formation since about 1881, has an increase of 573 
barrels, and Bothwell, after 25 years of production, has 
slightly increased its production. The lower horizons of 
the corniferous limestone in these fields, with their slow but 
steady yield, favour a sustained production, and this 
tendency has been helped by the efficient management 
of men especially trained in the business. The efficient 
handling in these fields makes even small wells profitable. 
In addition to the Ontario crude production of 220,100 
barrels, there was a nominal production in Albert county, 
New Brunswick, of approximately 3000 barrels. This oil 
is chiefly secured by drips from the gas wells in that field, 
and is used locally. In Western Canada the only com- 
mercial production is from the small Okotoks pool south- 
west of Calgary, where the refined output for tlie year 
amounted to 14,171 barrels, compared with 15,526 barrels 
in 1918. There are no official figures of the crude oil 
production, but unofficial figures place it at 14,638 barrels, 
the proportion of residuals after extracting the lighter con- 
stituents being decidedly small. These figures give a total 
production of crude oil in Canada for 1919 of 237,271 
barrels, compared with 304,295 barrels in 1918. 

The yield from the shale deposits in Scotland has 
averaged since 1910 al)out half a million barrels per year, 
but this will soon be supplemented by oil obtained from 
rich deposits in Norfolk wdiich are being worked on an 
extensive scale. Prospecting for oil-bearing sands is also 
being systematically proceeded with; 11 sites have been 
selected, and from 3 boreholes sunk in Derbyshire down 
to the 3000-feet level, and other 5 down to the 2000-feet 
level, oil lias been struck. Trial bores have also been sunk 
in Staffordshire and Midlothian. In France, too, oil-bearing 
sands and shale have been located, but with the enormous 
consumption in both these countries, the home supply in 
any case will not materially affect the demand for imported 
motor-spirit and oil fuel now used for so many purposes. 
The more volatile constituents are a factor of vast 
importance compared with the conditions obtaining only 
a decade ago, to instance which it is only necessary to state 
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that, whereas in 1903 the volume of motor-spirit consumed 
in Great Britain (principally for power purposes) amounted 
to less than 10 million gallons, the consumption of motor- 
spirit in this country alone had in 1910 increased to nearly 
50 million gallons, or, in other words, to 167 thousand tons ; 
and while in 1914 this had attained to the enormous 
amount of 90 million gallons, most of which was used in 
connection with the automobile, aero, and other high-speed 
motor industries, the quantity of motor-spirit imported into 
this country in 1919 had again more than doubled, and for 
1920 will, it is estimated, be 250,000 million gallons. 

Apropos the world’s present annual production of crude 
petroleum, amounting to upwards of 75 million tons, of 
which from 40 to 80 per cent, is suitable for fuel oil, it may 
be interesting to compare the world’s production of coal, 
which (in order to keep pace with the progressive demand 
for heating, blast furnaces, gas works, and for motive 
power) has risen from an annual consumption of 15 million 
tons, as estimated for the early part of the nineteenth 
century, to the enormous consumption of 1200 million 
tons; of which amount 500 million tons is produced in 
the United States, 300 millions in Great Britain, 120 in 
Germany, 70 in France, 30 in Belgium, and 180 millions 
in Australia, Canada, India, and other countries. Even 
at this rate of exhaustion it is estimated that the world’s 
supply is sufficient for at least 500 years. In the light of 
these figures a total production of liquid fuel of 75 million 
tons ma}^ not at first sight appear to be of such importance 
as when considered from the point of view of its bearing 
on power application only, cut it must be borne in mind 
that less than one-third of the coal annually consumed is 
used for the purposes of motive power, as against three- 
fourths of the petroleum produced, from which it will be 
seen that the actual comparison, weight for weight, between 
the quantity of liquid fuel used for power purposes and 
that of fuel in its solid form is as 56 million tons to 400, 
14 per cent.; which comparison, when the respective 
heating values of the two fuels are taken into considera- 
tion, should read as 84 millions to 400 millions of tons, i.e. 
the total power now produced by means of liquid fuel has 
already attained to the significant proportion of over 21 
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per cent, of the total power produced from coal. And, 
recognising that the first oil-well was sunk by Drake as 
recently as 18o9, and that it is only within the last few 
years that the surprisingly extensive distribution of oil 
has been brought to light, it would be hazardous indeed 
to form any but an approximate estimate what position 
liquid fuel will occupy in the world s economics in another 
decade. 

In regard to future prospects for a continuance of the 
world’s supply of petroleum to meet the increasing de- 
mand for liquid fuel: — According to statements made by 
eminent authorities, including Dr David Day, Dr Engler, 
Prof. Vivian Lewes, and Sir Boverton Redwood, the world's 
available store of petroleum will have become so depleted 
towards the end of the present century that long before 
then other sources of supply will have become necessary. 
Also, on the authority of the United States Geological 
Survey, the reserves estimated to be in the ground in 1918 
were 6750 million tons, which is equal to altout 100 years’ 
supply ; but the most that can be said for this is that it is 
mere conjecture; for notwithstanding that, certain oil-fields, 
notabl35^ those in Penns^dvania, Caspiania, and Canada, have 
shown a decided falling-off in output, also tliat it is more 
the rule than tlie exception for individual wells to have 
a sliort life; this is forcibly exemplified bj'^ the U.S.A. 
Geological Survey Report below : — 


Yenr. 

Holes drilled. 

Now rrodiicing. 

Dry lloleH. 

(*rndUeiiiK da* 
only. 

1»16 

13,600 

8,740 

2860 

2000 

1916 

20,540 

15,800 

4000 

1740 

1917 

23,070 

16,430 i 

4700 

1040 

1918 

25,550 

17, 8.50 ; 

5700 

2000 


Despite the short life, however, of an average well and 
the cost of drilling, it is an undoubted fact tliat the world's 
production of oil is steadily increasing, although not so fast 
as the demand, and, as shown below^ had advanced from a 
total output of 30 million tons in 1903 to 50 million tons 
during the succeeding ten years, when the outputs of the 
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several oil-producing districts were proportioned according 
to the following table: — 


PltODUOTION 01* 


Oil in 1913. 


Country or State, 
California . . . , 

Russia 

Kansas and Oklahoma . 
Pennsylvania, Virginia, Ohio, Indi 
Texas and Louisiana 

Illinois 

Mexico 

Galicia ...... 


na, and Kentucky 


Other StaU‘9 of U.S. A. 
Roumania 
Biirmah . 

Scotland . 

Japan 

Peru 

Germany 

Canada 

Trinidad 

Assam . 


Australasia, North and South Afric: 


Italy 

Hungary 


Tons. 

12,000,000 

9.800.000 

8,000,000 

4.000. 000 

3.000. 000 

2.500.000 

2.300.000 

1.800.000 

I’soo'ooo 

1,400,000 

1 . 000 . 000 

360.000 

260.000 
180,000 
150,000 

43.000 

41.000 

15.000 

8,000 

7.000 

3.000 


49,967,000 

In comparing the production for 1918 with that of 1909, 
we find that the total U.S. A. output had advanced from 
24 to 31 millions of tons; that the yield from the Russian 
fields had remained practically stationary ; as also that of 
Burmah, Borneo, Japan, Peru, and Germany ; that the out- 
put from Mexico has shown an advance from 0 35 to 2*3 
millions of tons, and that of Galicia from 1*6 to 1*8; 
Roumania from 1*1 to 1*4, and Trinidad from a negligible 
quantity to 0*04 ; that the principal country then showing 
a lessened output was Canada; also that the country 
possessing the mast promising field outside of the United 
States was Mexico. 

Much as was the increase in the world’s supply during 
the period 1909-1918, the demand for oil fuel during the 
period of the war had become so insistent, that the output 
from most of the known fields has been considerably in- 
creased and some of them enormously^ How long this 
will continue there is no definite indication, but what with 



16 


OIL FUEL. 


rnanj of the oil-bearing districts being so extensive, and 
with new sources continually being discovered, the world’s 
supply will in all probability continue for at least several 
decades even at a higher rate of production than now. 

Wori.d’h Production of Petroleum, 1914-1918. 


Country. 

1014. 

Barrels. 

Per. 
oentage 
of TotsL 

1918. 

Barrels. 

Per- 
centage 
of TotM. 

United States . 

266,762,000 

66 

865,930,000 

69-26 

Mexico . 

21,188,000 

5 

63,880,000 

12-40 

Russia 

67,000,000 

16 

40,000,000 

7*80 

Dutch East Indies . 

12,706,000 

31 

13,286,000 

2*68 

India, Burmah 

8,200,000 

2 

8,700,000 

1*60 

Persia 

1,000,000 

•2 

6,600,000 

1-25 

Galicia . 

6,035,000 

1*2 

6,000,000 

1-00 

Japan, Formosa 

2,788,000 

•68 

2,500,000 

•47 

Roumaiiia 

12,826,000 

8*2 

8,730,000 

1*70 

Peru 

1,917,000 

•48 

2,630,000 

*49 

Trinidad , 

643,500 

•16 

2,082,000 

•42 

Egypt . 

777,000 

•19 

2,000,000 

•40 

Argentina 

400,000 

•09 

1,320,000 

•26 

Germany , 

999,000 

•26 

700,000 

•13 

Canada . 

214,800 

•05 

308,000 

•07 

Venezuela 

50,000 

•01 

190,000 

•04 

Italy 

89,600 

•016 

35,000 

•010 

Cuba 

6,800 

•002 

20,000 

•066 

Other Co\in tries 

60,000 


100,000 

'026 

Total . 

401,600,000 


514,700,000 

... 


But with an increasing demand for liquid fuel of all 
^ades, other sources of supply are being developed; for 
instance, the annual production of tar oil — which can be 
successfully used for all furnace work, and for steam raising 
with either steam- or compressed air-jet burners, and also 
in high compression air-injection oil-engines — already ex- 
ceeds 2 million tons, obtained as a by-product from gas 
works and coke ovens, the average yield being 6 to 8 per 
cent. ; if, therefore, for instance, one-third of Great Britain’s 
annual output of 300 million tons of coal were coked, on 
one of the low temperature systems, this alone would pro- 
duce somewhere near 6 million tons of tar oil, which could 
be used as a substitute for petroleum fuel oil. Then, again, 
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under modified conditions regulating the quality of illumi- 
nating gas, under which gas would be estimated for its 
calorific value as against its illuminating power, the gas of 
Great Britain alone would yield about 30 million gallons 
of benzole, and, similarly, from 2 to 3 gallons of this light 
oil can be distilled from 1 ton of tar oil, as produced under 
ordinary gas works' temperature conditions. From which 
it will be gathered that, what with the vast tracts of un- 
developed petroliferous territory in various parts of the 
world and improved methods of producing liquid fuel from 
our immense coal resources, there need be no fear of a 
scarcity in the supply for many years to come. 


Tablk showing the Total Output of the several Oil-peoduoino 
C ouNTraKs hueino the last Sixi’y Years. 




Barrels. 

Percentage of 
Total. 

United Slates . 


4,608,572,000 

61-42 

Mexico . 


286,182,000 

3-80 

liiissia . 


1,873,089,000 

24-96 

Dutch East Indies . 


188,389,000 

2-51 

Ron mania 


151,408,000 

2-02 

India 


106,162.000 

1-41 

Persia , 


14,066,000 

0-19 

Galicia . 


164,051,000 

2-05 

Peru 


24,414,000 

•33 

Japan and Formosa 


38,498,000 

•51 

Trinidad 


7,432,000 

•10 

Egyjit . 


4,848,000 

•07 

Argeutina 


4,296,000 

•06 

Germany 


16,664,000 

•22 

Canada . 

Venezuela 


24,424,000 

317.000"v 

•38 

Italy 

Cuba 

Other Countries 


974.000 1 
19,000 f 

897.000 j 

•02 

Total 


7.503,147,200 

100-00 




CHAPTER IL 

THE ECONOMIG ASPECT AND HEAT VALUE 
OF LIQUID FUEL. 

The advocates of liquid fuel, as compared with solid fuel, 
were wont to find themselves in a somewhat anomalous 
position, as they had to maintain the great economic 
advantages of petroleum for fuel in the face of a pro- 
hibitive price. The two points are entirely distinct, but 
in this age of money values a commodity has to be cheap 
to be regarded as offering economic advantages. The com- 
pensations, however, offered by liquid fuel are so many that 
a high price can be allowed, provided, of course, that, when 
all the former are taken into consideration, there is no excess 
of actual money cost against it. Coal is, under any con- 
ditions, a dirty, wasteful, and variable means of raising 
steam and providing power. Its quality varies so enormously 
that its wastefulness is not always appreciated to its full 
extent. There are a number of constituents whicli are not 
at all necessary to the provision of heat ; they are injurious 
to lx)ilers and furnaces, and harmful to individuals working 
with them. Coal is increasingly difficult to mine, and com- 
paratively costly to handle, the labour of removing the 
refuse from burnt coal being almost as great as feeding the 
fire itself. The vast difference between liquid fuel and 
coal is no more graphically seen than in the bunkering 
of a vessel with coal, and loading her up with oil. It is 
typical of the two descriptions of fuel — the one the em- 
lK)diment of clumsiness and uncleanliness, the other of ease 
and efficiency. Coal has maintained its posititm as chief 
power-provider for so long because the greatest steam-using 
countries have vast stores of this mineral, and because 
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national expediency and welfare come above every other 
consideration in industrial life. Then, too, the appliances 
which are used for heating and power purposes have all 
been fitted for the use of the solid fuel, and to discard old 
and familiar customs is not an easy process in any country. 
Even America has not yet been able to materially change 
the metluxis instituted at the beginning of its industrial 
existence. With "such a vital thing as fuel — ^the basis of all 
trade, industry, and commerce — tliis change must necessarily 
be slow, though it need not be conservative. It must 
not be forgotten, however, that, whatever drawbacks coal 
possesses as a fuel, the large deposits still available in the 
foremost industrial countries of the world are not at all 
likely to be neglected on account of the advantages of liquid 
fuel : not one mine will be shut down because liquid fuel 
has displaced the solid product, and not a single miner is 
likely to be deprived of his living on this account. Pe- 
troleum is the great supplementary fuel supply for coal, 
just as electricity has supplemented coal gas for lighting, 
and steam for power purposes. Yet there has been no 
falling ofi‘ in the use of coal for either of these purposes ; 
rather has it increased the consumption by giving an 
impetus to the two branches of industry. 

In regard to the use of coal for raising steam, it does not 
seem possible that engineers have reached the end of their 
resources in improving the means by which the heating 
power of coal is utilised. The full efficiency of coal has 
never yet been obtained, and if methods and appliances 
were introduced, greatly increasing this heating efficiency, 
it would undoubtedly give coal a longer life. This argu- 
ment is also applicable to liquid fuel, the use of which has 
not yet been thoroughly mastered. Burners are imt as 
efficient as they will be eventually, and the conditions 
under which oil fuel should Ije burnt are not yet thoroughly 
perfected; oil-firing is therefore not as economical as it 
might be. Oil fuel itself is a much more delicate com- 
bustible to handle than coal ; it is more sensitive to external 
conditions, and therefore requiies a considerable amount 
of scientific investigation to enable the ordinary man to be 
put in possession of facts and principle^! nec(*S8ary to get 
the best and surest work out of it. 
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Nevertheless, even at tlie present stage of the use of oil 
fuel, petroleum has certain distinct economic advantages 
over coal. As has already been mentioned, the method 
of obtaining oil fuel is much simpler and less costly than 
that of coal; very little refining is nece^ssary other than 
distilling off the benzine and kerosene constituents. When 
obtained, the ease and cheapness with which it can be 
shipped and transported are in very favourable comparison 
with the methods necessary for coal. 

In its application still more significant economies come 
to light, especially on steamships, mercantile and naval. 
Although in tlie locomotive the scope for economy is more 
limited and less noticeable, chief among the advantages there 
being the easier control of oil fuel to the furnace and the 
more constant speed obtainable from the li(|uid combust- 
ible. Liquid fuel also affords greater facility in responding 
to increased loads, which is, of course, an important item in 
connection with railway traffic, where the loads are so vari- 
able. Refueling, again, is a consideration equally apparent 
in locomotives as in steamships, though the quantities are 
not so large ; for instance, a main-line express engine can 
tiike in 600 gallons of liquid fuel in from four to five 
minutes — a wonderful saving in time compared with coal. 

On steamships the extent of the economy is greatly 
emphasised, as the requirements are on a much more ex- 
tended scale. Even to the most superficial the advantages 
of oil fuel on board ship are shown in a favourable light. 
In bunkering with coal, everything on the vessel is made 
grimy with dust, and necessitates considerable labour in 
cleaning up again. What a different aspect does a vessel 
using oil fuel present! The ship is as clean as Ixjfore 
loading up ; little or no labour is required in the process, 
as the oil can either bo run from the storage tanks on shore 
by means of gravity, or it can be pumped in from barges 
or the tank steamer ; liquid fuel can also be stored away 
in the ballast tanks, the oil as it is drawn off being rephiced 
b}' water. In a merchant rfiip this means more space 
available for cargo, and in a warship it means greater 
fighting room, more boiler space, and, seeing that a greater 
amount of power is stored in oil, weight for weight, than 
coal, a much wider range is given to the vessel, the range 
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of action thus being increased by 60 per cent, on the 
bunker weight and 90 per cent, upon the bunker space 
allotted, when oil is usedL Thirty-six cubic feet of oil are 
equivalent to 67 cubic feet of coal, and in the matter of 
weight 2 tons of oil are equal to at least 3 tons of coaL 
These are undoubted economic advantages, and are of vital 
importance to a battleship. 

Another economic advantage of oil fuel in l)oth merchant- 
and war-ships is the small number of firemen necessary to 
attend to the furnaces. The question of stoking on ships 
has always been a difficult one, but liquid fuel reduces the 
difficulties to a minim am. In cei*tain cases the stokehold 
staff has been reduced from thirty -two to eight when using 
oil, and not only is this economy effected, but the difficulty 
in maintaining full-power speed, due to the trimming and 
stoking not bfdng done to the fullest capacity of the boilers, 
and also in some fi-om clinkering of the furnace grates, 
is entirely overcome. This is an advantage which must 
strongly appeal to all shipowners. Uniformity of steaming 
is synonymous with economy and augmented profits. 

For naval purposes the smokelessness of liquid fuel is 
also one of its favourable features, and with proper com- 
bustion this can always be obtained. Considering also 
that the chemical composition of coal and petroleum fuels 
(dealt with in another chapter) is practically identical, the 
smokclossness of the latter proves it to be more capable 
of perfect combustion than coal, and therefore far more 
e(;onoinical; for, as everyone knows, in spite of the decades 
that have passed since steam power came into use, no 
furnace has ever yet been constructed that is capable of 
pr< ducing perfect combustion from coal under the condi- 
tions obtiiining at sea, and even with smokeless combustion 
it does not follow that the highest boiler efficiency is obtained 
when using coal, as this necessitates a surplusage of air, the 
cooling effect of which more than neutralises the effect of 
the more perfect combustion. Indeed, the difference of 
efficiency of an oil-fired over a coal -fired furnace is due to 
the ability for more perfect regulation of the air supply ; 
thus the difference in heat effect is actually greater than 
the theoretical difference in the caloiific values of the 
two fuels. 
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Efficiencies as high as 84*6 per cent, have been obtained 
in this country on Scotch marine type boilers, using 
Mexican fuel oil with the pressure system of oil burning. 

At a large London factory which converted their Lanca- 
shire boilers from coal to fuel-oil firing, the water evapora- 
tion per lb. of coal, having a calorific value of 11,451 
B.T. U., was 7 ’22, whereas when working with the pressure 
system of oil burning, using an oil having a calorific value 
of 18,750, the evaporation per Jb. of oil reached 14*44 Jbs. 
The quantity of water evaporated per square foot of heating 
surface on coal was 3 3 lbs., whereas on oil showed over 7 
lbs., thereby increasing the boiler rating by over 100 per 
cent. 

The following test results with topped Mexican crude and 
ordinary steam coal on a factory boiler, under everyday 
working conditions, are instructive, although showing no 
particular efficiency on either fuel. 


Fuel Oil. 

Fuel oil- 

specific gravity at 60" F,. .... 

Viscoaity at 100" F. (Red. No. 1) . 

Flash point (clovse) ...... 

Calorific value 

Water cvai)orated — 

Lbs. of water per lb. of oil . 

Lbs. of water per lb. of oil (from aud at 212" F.) 


2 '1 30 sc s. 

160" F. (above) 
18,430 

12*15 

14*38 


Boiler efficiency 


73*37 per cent. 


Coal. 

Coal- 

Calorific value in B.T.U. . , , , . 14,432 

Water evaporated — 

Lbs, of water per lb. of coal 7*76 

Lbs. of water per lb. of coal (from and at 212" F.) . 9 *81 


Boiler efficiency , 62*28 per cent. 

Kebunkering at sea with solid fuel has always been 
difficult, but with a liquid fuel this drawback disappears. 
So easily can the supply be transferred from one vessel to 
another, that a length of tubing will do the work of fifty 
men, and 300 tons be shipped in the short space of one 
hour. The value of this facility is so apparent in the case 
of a warship requiring to be rebunkered away from port 
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that it needs no emphasis, while the saving in time, labour, 
and fuel is equally apparent. 

There are other economies in the substitution of liquid 
for solid fuel. Although there is some difference of 
opinion in regard to the wear of the boiler plates, etc., the 
general consensus of opinion is that liquid fuel is much less 
injurious to the boilers and furnaces than coal, owing to 
the maintenance of a more equable temperature in the 
furnace, and to the possibility of steaming for long periods 
without having to open the fire doors. 

In the matter of actual fuel economy, early experience 
in the steaming of Shell liners may be stated briefly here, 
as these pioneer vessels have burned liquid fuel for longer 
periods continuously than any other ships with reference 
to which data ar^ obtainable. The consumption of oil on 
S.S. for instance, over a period of two years, during 

which time she traversed 89,000 miles, amounted to 18 
tons per day ; whereas with coal the consumption amounted 
to 26 to 28 tons per day. The Mnrex, another tanker, 
consumed 25 tons of coal per day, but after being converted 
to an oil-burner her consumption was reduced td 16 tons. 
The Strombns again, another Shell liner, burned 43 tons of 
coal, and subsequently 30 tons of oil per diem ; these and 
other ships have for years steamed direct from Singapore 
to the Thames vid the Cape, a distance, be it noted, equal 
to 11,800 miles, without rebunkering, which is a per- 
formance, it is unnecessary to add, that would be quite 
impossible with coal. 

As another instance S.S. Conch may be cited, this cargo 
boat of 7700 tons carrying capacity, formerly averaged a 
consumption of 31 to 33 tons per day, and a speed of 9*5 
to 10 knots, with coal-firing, but on being converted to oil- 
firing on the pressure jet system, averaged a speed of 10 to 
11 knots, and on a reduced consumption of 22*5 tons per 
day, or resulted in a mean saving of 33 per cent. ; besides 
which, this ship was then able to carry 150 to 200 tons 
more cargo.^ 

An important factor with oil-firing, and one not perhaps 
sufficiently realised, is the advantage of being able to 
dispense with the cleaning of the furnace gi*ates, and also 
^ The Marine JSng-ineer and Naval Architect. 
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to the fact that full steam pressure can be continuously 
maintained, which remark applies more particularly to the 
tropics, where considerable difficulty is often experienced 
in keeping up a full head of steam with a temperature in 
the stokehold varying from perhaps 110° to as high as 
125° F. Further, there is the advantage in oil-firing of 
showing better results as regards speed in relation to con- 
sumption and upkeep of boilers ; also, in that the complete 
firing installation, including oil-pumps, heaters, filters, 
etc., can be directly controlled by the engineer on watch, 
while 1 fireman can attend to 12-18 furnaces; in efiect 
the collective advantages are such that now with the 
greater proportionate advance in the price of coal, cargo 
and general service steamers are being converted from coal 
to oil-firing as fast as the necessary japparatus can be 
installed. 

To large and fast ocean liners the use of liquid fuel in 
place of coal compares to oven better advantage, as the 
result not only of the greater convenience and facility of 
bunkering, but to the difficulty of getting the fuel brought 
forward to the boiler furnaces quick enough to keep up 
the pace when using coal, in consequence of which a 
further great reduction in the stokehold sttiff is possible. 
In emphasis of this, the case of a transatlantic liner of the 
Aquitania class may be instanced, where the number of 
firemen carried was 312, whereas now, with oil-firing, the 
number of firemen^ is reduced to 54, which advantage, 
however great to a ship of the mercantile marine class, 
is of far higher significance when applied to a warship. 

It is, however, with the more general use of the internal 
combustion engine for large powers that the significance of 
petroleum will tell, especially for marine propulsion. For 
with internal combustion engines, not only is the arduous 
work of stoking dispensed with (as already made possible 
by the perfection of means for tlie combustion of oil fuel 
in boiler furnaces), but the boilers themselves, the space 
thus occupied being then available for power, or cargo- 
carrying purposes. The reduced consumption made 
possible is, however, the most important factor, as the 

^ This allows for 18 men per shift to attend to the burners, pumps, filtering 
and heating apparatus for 168 fumaces. 
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advantage of liquid fuel as now obtained by furnace com- 
bustion, e.g, a minimum of 1 ton equalling tons of 
good coal, is then raised to a scale in which 1 ton of oil is 
the equivalent of 3 tons of coal when used under the most 
perfected conditions, and to even 5 tons for ships of less 
than 500 i.h.p., e.g. the Vtilcanus, the first ship of this 
size to be fitted with an internal combustion engine 
(450 b.h.p.), consumes two tons of gas oil per day ; whereas 
an almost identical ship, the S.S. Sabine, and also of 2100 
tons carrying capacity, consumed 11 tons of coal per day, 
the speed of both ships averaging 8 knots. As a result 
of the fuel economy obtained in this pioneer boat and in 
hundreds since, shipbuilders are now installing oil engines 
in place of steam for the smaller boats. 

Interna] com])ustion engines^ using cither liquid or 
gaseous fuel are already established on a permanent basis 
for practically all purposes re(|uiring powers not exceeding 
100 h.p. or so, and are fast competing with steam for the 
larger powers despite more perfect means for generating 
power by furnace combustion ; it is therefore quite in- 
evitable that any such improvement can but have the 
effect of deferring to a more distant day the ultimate 
triumph of oil over steam for maritime propulsion, and 
for many otlier purposes, by reason of the vastly superior 
economy obtainable over the most perfect form of engine 
depending on furnace combustion. 

^ These ur« full}' described for all jmrposes and their limitations for maiine 
propulsion pointed out in Internal Combustion Engine Design ami Practice. 
London, C. Grifiiii U Oo., Ltd. 


[Table. 
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Calorific Value of Liquid Fuei.s. 


Description. 

S|>ecitlo 

Gravity. 

Carb. 

; Dyd. Sulph.' B.T.TL 


1. Oil used at trial of tctrpedo* 




1 



destroyer .... 

0’921 

85-28 

11-03 

0-56 

17,976 


2. Ordinary fuel oil . 

3. Fuel oil as used for Diesel 

0-888 

80-20 

12-67 

0-31 

1 

18,176 


engines .... 

0-023 



0-46 

17,021 


4. “ Light fuel oil ” 

0-0(K> 

85*58 

10-81 

0-43 

18,205 


6. " Admiralty fuel oil . 

«. “Kcsldnum" 

7. "Black oil “ 

8. Semi.reflned oil (specially 

0028 

86-40 

11 -.56 1 0-84 

17,930 


()-943 

86-44 

11*23 

0-30 

18,117 


0028 

86-44 

1l-t 

'•61 

1 969 

As determined 
in a Mahler 
bunih calori. 
meter by Prof. 
Patterson. 

adapted for Diesel eiigiut a) 

0-904 

85-05 

12-15 

0-37 

17,996 

9. Crude Kounianian 

11. Solar oil (Texas) . 

0-825 

0-830 

0-862 

83**77 

85-35 

12 -us 
12 92 

1 0-2i) 
0“>J» 

on 

17,863 

18,022 

18,344 

12. Scotch shale oil . 


86*16 

12-37 

0-23 

18,248 


18, 

0-862 

85*35 

12-44 ! 0-29 

18,817 


14. „ j, „ (works well 






with Diesel engines) 

0-867 


-- 

0-33 

17,980 


15. Coal tar oil . 

15. Gas oil (gives trouble with 

0-058 


0*05 

0-30 

16,960 


Diesel engines) 

1*067 

87-62 

6-98 

0-67 

16,158 


17. Gas oil 

18. .Scotch ihimpherston fuel 

1-004 

83*7-2 

7-20 

0-82 

16,077 

18,770 

/ 

oil 

0-808 




(Net) liar**. 

19. Californian fuel oil . . i 

1 0-04-90 

, , 



18,650 

(Net) Cory, 

20. Russian astatki . 

0-03 




18,600 

(Net) rrquhart. 

21. Beaumont oil 

0-924 



. . 

19,000 

Richardson. 

22. Borneo 

0-900 




18,830 

1 Orde. 

23. Burutah .... 

0-8.50 ' 




18,800 

24. Mexican crude . 

0-042 i 

i 82-7 

11 

3-:i5 

10,000 


25. Kerosene . . . . ' 

0-780 8*2.5 1 




10,000 

21,000 

Mahler. 

>. . . . . ! 

1 O-T.'iJl-.seo 

1 8.5* 

11-5 


Gnnandy. 

3f . • • . 

0-760-860 




21,000- 
2*2, tKX) 

frYiday. 

26. Petrol 

1 0-690-730 



’* 

20,000- 

21,000 

Ormandy. 



0-73U-740 

84 

13 


20,800 

Friday. 

Gasolene .... 

0-600-070 




18, 0(H) 

27. Benzole .... 

0-820 





18,6(HJ 


,, 90 percent.. 

0-880 

92-6 

7-5 


18,100 

Critchley. 

81 II >t • * 

0-88-k6 

92* 

8* 


18,20C» 

18,050 

Ormandy. 

Gray and Mel- 






liinby. 

„ 50 per cent, to 90 i 







per cent. . . * 

0-875 





Ormandy. 

28. Naphthalene 

1-15 

94* 

6* 

Os'y. 

18, *000 

Oitchley. 

20. Ethyl alcohol 

0-705 

52 

13 

35 

12,700 

Atohler. 

Methyl „ ... 




, . 

1 9,6<H) 

Alcohol, 80 per cent. , 

0-863 




1 10,000 

,, 

Methylated spirit 

0-815 




j 11,000 

Ormandy. 





CHAPTER III. 

CHEMICAL COMPOSITION OF FUEL OILS. 


The exact coiHpositioii of petroieum is of such complexity 
that very special study alone will suffice for accjuiring 
a thorough knowledge o£ its chemical possibilities. In 
connection with its use asj liquid fuel, however, it is not 
necessary to go deeply into detail, nor in a treatise of tliis 
descriptiv/n is it necessary to give much more than general 
informat/ion on the subject. The oil chiefly used for fuel 
purposes is that known under the name of “residuals,’* 
“ fuel oil,” “gas oil,'* etc. ; known in America as “residuum,” 
“ distillate,” etc. ; and in Russia, “ astatki ” or “ mazout,” 
the latter being the Tartai word for the residue left over 
from the crude oil after refining. In some cases the crude 
oil as it is obtained direct from the w^ells is also suitable for 
fuel purposes, provided it has been permitted to stand in the 
open air for a short period, in order to allow the lighter oils 
to pass away, and thus remove the dangerous ingredients. 

The physical tests generally adopted for fuel oil are: — 
(1) Specific gi-avity; (2) flash point; (3) viscosity. Tlie 
specific gravity is the weight of a given volujne of oil 
compared to the weight of a given volume of water, 
and in this country is taken at fiO^' F. The specific 
gravity is determined in three ways: (a) By hydrometer; 
(b) by specific gravity balance; (c) by specific gravity 
bottle. The flash point is the temperature at which an 
oil on being slowly heated begins to evolve a vajxiur in 
such quantity as, on the application of a flame, a momentary 
flash, due to the ignition of the vapour, occurs ; and again, 
the temperature at which, on being further heated, the 
oil takes fire on the approach of a flame and continues 
burning, is termed the fire point. When determining 
closed flash points the sample is covered, and when de- 
termining fire points and the open the sample is uncovered 
during the experiment. The viscosity, of fuel oil is the 
determination of the fluidity of the oil at certain tempera- 

27 
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tures, and is recorded in this country at 100° F. It is 
measured in various ways, but commonly by noting the 
time required for a definite quantity of oil to pass through 
an orifice of definite size or short pipe under known con- 
ditions of temperature. This principle is used in the best 
known types of viscometers as developed by Saybolt, 
Redwood, and Engler ; the Saybolt viscometer being used 
in America, the Redwood viscometer in England, and the 
Engler instrument used on the Continent. The time of 
outflow from the viscometer is taken in seconds by a stop- 
watch, and the viscosity is reported in terms of the 
number of seconds required for 50 cubic centimetres of 
the oil being tested. 

The chemical tests usually adopted for fuel oil are: — 
(1) Calorific value, (2) percentage of sulphur. The calorific 
value is taken in the ordinary bomb calorimeter. The 
sulphur percentage is also taken by means of the “bomb” 
calorimeter by estimating the amount of sulphuric acid 
in the “bomb.” The physical and chemical tests of 
Mexican fuel are as follows: — Specific gravity, about *95 
at 60° F. ; flash point (open), over 150"' F. ; viscosity, 
about 1500 seconds (Redwood) at lOO"" F. ; calorific value, 
about 18,750 B.Th.U.’s; sulphur percentage, approximately 
3*5 per cent. 

Borneo and Texas crude oils are in their natural state 
suitable for fuel — ^the latter, according to some authorities, 
not until after the removal of some of the sulphur contents. 
The crude products of Russia and California have to 
undergo a certain course of distillation, from which a 
residue is obtained forming one of the best oils for fuel 
purposes extant The composition of some of the more 
important fuel oils of the world is as under ; their calorific 
values are also appended : — 
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The oil obtained from Baku, when subjected to distilla- 
tion, evolves, first, light naphtha, then kerosene to the 
extent o£ about 30 to 35 per cent.; after which a residue 
of '‘mazouf’ or '^astatki"^ is left in the still, which is 
chiefly used as fuel. These residuals do not give oft* any 
vapour below 248° F., neither will they flash under 302° F. 
Moreover, they may be exposed without danger to flame ; 
their storage and handling, therefore, present little risk. 
The chief components of Russian residuals are from 11 to 
13 per cent, of hydrogen, from 84 to 87 per cent, of carbon, 
and from 1 to 17 5 per cent, of oxygen. 

In reference to Texas oils, data presented to the Society 
of Chemical Industry (New York Section) show the 
composition of the Beaumont oil comjmred with other 
American oils, and also the results of distillation tests, as 
follows : — 

UiiTiMATK Composition. 



Beaumont. 

Benna.3 

Ohio.* 

c 

86-03 

86-10 

85 00 

H 

12-30 

13-90 

13*80 

S 

1-75 

0-06 

0*60 

0 and N 

0-92 


0-60 

Loss on treatment with excess of H 3 SO 4 . 

89 0 

21-0 

3000 


UiSTlLLAriDN Tests {Knghrs Flasks). 




Beaumont. 
Test No. 
44,651, 

Ohio. 

Teat No. 
19,708. 

Pennsylrania. 
Teat No. 
46,483. 

Distillation begins . 
Below 150° C. . 

• • • 

llO" C. 

85“ a 


. per cent. 

2-6 

23-0 

21-0 

Is'iO’-SOO’ C. 

• tt 

40-0 

21-0 

41-0 

Boo’-seo** c. 

• ft 

20-0 

21*0 

140 

360'’-400‘* C. 

• 

25-0 

27-0 

2-03, 99-0 

Loss on acid treatment (150*-360® C. 
frartioTi) 

10-0 

6-0 

1-8 

160‘‘-260‘* 0. 

, per cent. 

30-0 

... 

• s« 

Loss on acid trentmeut 


8-0 



Percentage of acid used 


7-0 

2*6 

2-b 


Kiigler. 


- Mabery. 
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Report on sample subunfcteti for analysis from the Kern 
River disti*ict ; — 

This oil is practically free from low boiling naphtha, 
as on distillation only a small percentage passed over below 
150*^ C., and less than 10 per cent, below 225® C. A boiling 
point above 360® C. was reached before the second 10 per 
cent, was collected. 

‘‘ It shows on ultimateanalysisthe following composition : — 

For (.'eiit. 

Carbon .... .... 84*43 

Hydrogen . 10‘99 

Nitrogen '65 

Sulphur *69 

Oxygen 3*34 

**This gives a calorific value, by Dulongs formula, of 
18,80() B.T.U. The specific gravity at CO"' F. is 0*062. 
Flash point, 228^^ F. Fire point, 258'' F. Vaporisation point, 
178® F. Loss for six hours at 212® F., 12'()1 per cent.'" 

The percentage of sulphur varies considerably, being as 
liigh as 3*5 in some of the Mexican oils and as low as 0*06 
in Pennsylvania oil. 

Borneo oils are generally low in sulphur contents and 
of an ideal consistency for fuel purposes, and vrill no doubt 
continue to have a very important influence on the liquid-fuel 
question, especially in the Far East. In the Balck Paj>pau 
field, a liglit crude oil of about 0 870 and a heavy one of 
about 0*970 are obtained. A sample of the light crude oil 
analysed by M, Ragosino, gave the following results : — 
S|>ecilic giavity at 16® C 0*896 


F l{ ACTIOH AL DiSTI LI.ATION. 


No. of 
Fraction. 

Boiling 

Point. 

•c. 

Per 

Cent. 

Specific 

Gravity. 

Quantity of Products. 

Kerosene Ist . 

2nd. 

3rd. 

4th. 
6th , 
6th . 
7th . 
8th . 

Kcsiduals 

180-160 

150-170 

170-190 

190-210 

210-230 

280-260 

250-270 

270-290 

0*9 

3*0 

10*6 

6*0 

6*4 

9*0 

9*0 

8*6 

46*7 

0*783 

0*794 

0 811 
0*831 
0*850 
0*874 
0*892 
0*975 

• •• 

1. Loss. . . 1*5 p.c. 

2. Kerosene distih 

late . , 44*0 ,, 

3. Solar distillate . 8*0 „ 

4. Residuals . • 46*0 ,, 

100*0 p.c. 
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In the Sanga field, there are also a heavy and a liwht 
crude oil. 

The heavy crude oil has a specific gravity of 0*980, and 
contains only a cei*taiu quantity of solar oil (about 15 per 
cent.) and 85 per cent, of residuals. The light crude oil 
showed the following composition ; — 

Specific gravity of the crude oil at 15" C, . , 0*862 


Fractional Distillation. 


No. of 
Fraction. 

Boiling 

Point. 

•c. 

Per 

Cent. 

Si>eGiflc 

Gravity. 

Quantity of Products. 

Bendne • 

110-180 

11*2 

0*768 

1. Reuzine and loss 18*6 p.o. 

Kerosene let • 

130-160 

11*3 

0*783 

2. Kerosene distil* 





late • .61*9 ,, 

2ud . 

150-170 

10*6 

0*799 

3. Residuals • * 29 *6 ,, 

Siii . 

170-190 

7*8 



4th . 

190-210 

8-0 

0-828 


5th . 

210-280 

6*6 

0*860 


6th . 

230-260 

7*6 

0-876 


7tli . 

260-270 

7-7 



8th . 

270-290 

3*6 



Residuals . 

... 

26*0 

0*971 



The residuals in both cases are liquid. 


If the two descriptions of oils from Balek Piippan and 
Sanga-Sanga are treated together in eciual proportions, then 
the relative (j[uantity of products obtained at the refinery 
are : — Benzine and loss, 9 per cent. ; kerosene, 2G per cent. ; 
solar oil, 7 per cent. ; residuals, 58 per cent. Samples of 
this taken at Singapore gave the following tests : — 



No. 1. 

No. 2. 

No. 8. 

No. 4. 

Specific gravity at 16® 0. 

Flash point (by Martins Ponsky 
apparatus) .... 

0*962 

0 068 

0*965 

0*901 

107" C. 

104® C. 

68® C. 

84® 0. 

Viscosity (by Englor-Rngosine) 

2*9 

3*2 

2*3 

2*3 

Water 

present 

present j 

present 

absent 


The very great difference in flash point was due to the 
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fact that the refinerj^ produces two classes of liquid fuel : 
the first, with a flash point above 100° C., to supply places 
where the lii^h flash point is required by the laws 
of the country (for instance, in British India and Japan) ; 
and the second, with a lower flash point, b(dng adapted 
to countries where there are as yet no flash point 
regulations. 

In another analysis of Texas oil made by Prof. Thiele, 
results were obtained as shown below : — 

Analysis of Crude Oil, Strata 272 Feet bkiiOw Surface, 


Fraction. 



Sp. Or. 

Colour. 

1. . 




trace 


White. 

2. . 



212-266 

007 

*►* 

Yellow. 

3. . 



266-820 

0'03 

... 

Yellow, 

4. . 



320-392 

1*69 

0-684 

Yellow. 

6 . . 



392-672 

19*49 

0-840 

HI. Fluor. 

6 . . 



«< • 


... 

HI. Fluor. 

7. . 



672-641 

615 

0*782 

Dark Yellow. 

Resitlae 



... 

71*11 

0-978 

Black. 




Total . 

97-44 




An analysis from samples from two cargoes of Mexican 
crude fuel oil, which, as stated elsewhere, promises to become 
one of the most promising supplies for the United Kingdom, 
shows, as will be seen from the table below, a considerable 
percentage of sulphur and solid residuum : — 



No. X. 

No. 2. 

Speidfic gravity at 60* F. 

0-944 

0*942 

Beaume 

18*4* 

18*8* 

J 

’I 

1 

78* F. 

102" P. 

M >8 (open) 

104“ K. 

120" F. 

Fire tost 

165* F. 

180* F. 

Viscosity at 100® F. 

1080 seconds (Ked wood) 

920 seconds (Redwood) 

Stilphur 

3*44 per cent. 

3 ‘3.5 per cent. 

Calorific value 

19,700 B.T.U. 

19,000 B.T.U. 

Colour 

Black 

Black 

Water 

Nil 

0*6 per cent. 

Asphalt . • 

! . , • * • 

3-7 .. 

Carbon (coke) 

1 . . . 

1*2 .7 






CHEMICAL COMPOSITION OF FUEL OILS. 


33 


Anax^yses of VAHIOIT8 Chuok Oils, 


Source of Supply. 

Si>. dr. 

C. 

H. 

N. 

0. 

s. 

Analyst. 

Oliio . 

827 

85*4 

14*6 




Engler. 

Ohio . 

... 

86*3 

13 



.. . 

Redwood. 

California . 

984 

86*8 

11*7 

1*25 


•84 

Mabery. 

California . 

846 

86*2 

13*08 


... 


Redwood. 

California . . 


86*9 

11*8 

1 

... 

... 

Virginia 

... 

85 

13*3 




lUchardson. 

Texas . 

912 

85 1 

12-3 

0*9 

••• 

1*75 

Canada 


83*9 

13*3 

... 

... 

0*9 

Mabery. 

Burmali 

855 

83*8 

12*7 

... 

3*5 


Redwood. 

Russia (Baku) 

884 

86 

18*6 

... 


... 

If 

Peru . 

850 

86 

13 

0*07 

0*07 

0*04 

If 

Mexico 

940 

82 

11 

1*7 

... 

3*3 

If 


According to Dr A. Sommer, M.S.N.E., oils having an 
<isplialtum liase contain more .sulphur, have a higher density, 
and a greater tendency to polymerise and solidify than oils 
with a paraffin base, which Imrden up in contact with air, 
and are more solvent; asphaltic oils also decompose at 
lower temperatures tlian those with a paraffin base. 


Analy«eb of American Crvde Oils by Dk Sommer, 


state. 

Is 

pt 

B 

^ . 


1.5 

fa *> 

P 

Colour. 

Percentagre of mstillatioii 
at 'C. 



1 





100 . 

150 . 

2Uv». 

260 . 

800 . 

Pennsyl- 

vania 

792 

23 

2-8 

... 

0*15 

Greenish 

brown. 

6 

23 

? 


60 

Colorado . 

830 

96 

2 ‘5 

0 04 

0*3 

Dark ^ 

brow'n. 

1 

6 

21 

srf 

48 

Louisiana . 

890 

l.^»2 

0'36 

0*1 

0 33 

Dark 

brown. 

1 

? 

t 

8 

17 

41 

Oalifornift . 

940 

189 

1*48 

14’9 

3*3 j 

Black and 
viscous. 

11 

1 

4 

1 

13 

23 


Further, those crude oils which are characterised as 
having a paraffin base have a copiparativoly lower 
density, and contain less sulphur than asphaltic oils. 

3 
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Paraffin oils also have a low solvent power, a high degree 
of capillarity, are less affected by exposure to air, and do 
not polymerise at ordinary temperatures. 

As will be gathered from the foregoing, mineral or 
petroleum oils are composed of hydrogen and carbon in 
different proportions according to the nature of the crude 
oil.^ The Pennsylvania oils belong to the paraffim series 
(chemical formula yield a larger pcu'centage 

of gasolene and light products than do the California, 
Texas, and Mexico oils, wliich belong to the olefin series 
(cliemical formula C„H.in). By referring to the chemical 
formula, it will be seen that the Pennsylvania oils contain 
more hydrogen in proportion to their carbon constituents, 
and this accounts for their light gravity and larger yield 
of gasolene. 

In addition to the oils mentioned above, there are the 
oils obtained from the Illinois and Oklahoma fields. These ^ 
oils seem to be a combination of both the para fin and 
oUfin series, as both paraffin wax and asphaltum are ob- 
tained from these crudes. The gravities of these latter 
oils range lietween those of the Pennsylvania and the 
California and Texas oils. Their yield of gasolene is 
great(^r than that of the asphalt base oils and less than 
that of the jiaraffin base oils. 

According to Percy J. Friday,^ liquid hydrocarbons derive 
their name from the two elements — carbon, a solid of 
which charcoal and coke are particular forms, and hydro- 
gen, a gas which plays a very important part in all acids 
and in water. Nearly all of these compounds are liquid ; 
tliose, however, which contain a very large percentage of 
hydrogen are gas. As the hydrogen percentage decreases, 
the hydrocarbons become heavier until finally they become 
solids. 

Tlie hydrocarbons are again divided into a number of 
different series, the most important of which is the paraffin, 
and makes up over 95 per cent, of Pennsylvania crude 
petroleum. The members of tliis scries have regular 
formulae, and in every molecule of any one of the com- 
pounds of this series, for any number of carton atoms, 

* H. L. Burloson. 

* Ignition f Carburctim, Lubricalimi» 
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there are twice as many hydrogen atoms plus two — e.g, 
methane (the first member of the series) has the formula 
CH 4 , and means that in each molecule of methane there is 
one atom of carbon, and four ( 2 x J + 2 ) atoms of hydro- 
gen. What is known as the graphic formula of this 
compound is ^ 

H-C-H 

I 

H 

The second of the series is ethane and ha>s the formula 
CgHg. The graphic representation of this formula is 


H-C-CII 


To illustrate this regularity of the paraffin compounds, 
tlic graphic formula of hexane (the principal eoiistiluent of 
gasolene) is also adduc(‘,d. The name hoxano signifies six 
carbon atoms, and its formula is or graphically repre- 

sented is 

H H H H H H 

j 1 I I i I 

HO-C-C-C-C-C-H 

I I I I I I 

H H H H H H 

The regularity of formation of the series is remarkable; 
also it will be noticed that every C, representing a carbon 
atom, has connected to it four lines. Every H, ropreseiiting 
a hydx’ogen atom, has one. These are called valencies in 
chemistry. Oarlx>n is said to have a valency of four and 
hydrogen a valency of one. 

Table I. gives the names, formulae, boiling point, specific 
gravity as compared to water, and gravity according to 
the Beaume scale, for the first sixteen mf3mbei*s of the 
paraffin series of hydrocarbons. This list could be C{ivri<?d 
much further, as all of these and many others (extending 
up to c»., Iiigher) are found in crude petroleum. 
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Table I.— The JFikst S/xteen Paraffin Hydrocarbons 
FOUND IN Petroleum. 


Name. 



Formula. 

1 Boiling 

1 Point. 

I "F. 

Per C-eut. 

C. 

|perC.>«it.i or. 

I>eg. 

Beuiiine. 

Methane (Fire damp) 

CHj 

A gas. 

76 00 

25*00 

•669 

' ... 

Ethane 



0,H, 

A gas. 

80*00 

20*00 


••• 

Propane . 



Cafl, 

A gas. 

81*81 

18-19 



Butane 



C4H,o 

84“ F. 

82-80 

17*20 

•6 

... 

Pentane '. 



C»H,a 

86 

88-33 

16*67 

•628 


H exane . 



CeHu 

H>6 

88*72 

16*28 

•664 

•81 

Heptane . 



C,H,o 

208 

84*00 

16-00 

•669 

•79 

Octane 



t'nH 18 

259 

84*21 

15*70 

•703 

•69 

Nonane . 




277 

84*38 

16-62 

•741 

•69 

Decauo 


• 

c A 

316 

84-61 

16*49 

•757 

•55 

Endccane . 


. 


360 

84*61 

16*39 

•765 : 

■53 

I)i>dficane . 


. 


886 

84*70 

15*30 

•776 

•60 

'iVidecaue . 



Cl;,Ha8 

420 

84-78 

16-22 

■792 

•46 

Tetradecano 



CuH.,0 

462 

84-85 

16-15 



Pentadecane 



i 

497 

84-90 

15*10 



Hexadecane 




636 

84 *94 

16*06 


... 


Products. 

Table II. 

Bollititf 

Point. 

°F. 

Sp. Or. 

l>cg. 

Beauiitc. 

RliigoHne 

IJ3 

•69- -60 



111-107 

Chiinogene , . i 

I 122 138 

•64-*66 ; 

91 86 

Oasolene . 

168 

-66-67 ! 

85-81 

Naphtha C . 

176-216 

•68 -70 

78-72 

Naphtha B 

200-220 

•71 -'72 

69-66 

Naphtha A 

230-250 

•72--74 

1 66-59 

Kei'o^ene 

300-480 

•75-*86 

1 58-38 


Methane, the first member of the series, is a ^as at 
ordinary temperatures. It can Im liquefied only by ^eat 
pressure and low temperature. It is found in a free state 
in large (juan titles. Often large cavities in coal beds are 
filled with tliis gas under pressure. The name “ fire damp ” 
is given to it by miners because of the serious exj)losions 
caused by its ignition. (Fire damp usually contains about 
96 per cent, methane, 0*5 per cent, carbon -dioxide, and 3*5 
per cent, nitrogen.) Methane is often known as marsh 
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gas/' as it is also formed by the decay of vegetable and 
animal matter in marshes and stagnant pools. 

Methane forms a large per cent, of the natural gas of oil- 
wells. Those containing the largest per cent, are the 
OJean N.Y. gases, which are about 9()^ per cent. 

Other natural gases decrease in methane from that down 
to about 67 per cent. Those which are highest in metliane 
are also highest in calorific value, as the calorific value of 
methane itself is very high, it being about 23,600 heat 
units per pound. Coke o\'en gas contains about 35 per. 
cent, methane, producer gas 2 to 8 per cent., and water gas 
less tlian 1 per cent. These gases, however, are very rich 
in other constituents of high calorific value. 

Metliane is the only member of tlie series that is found 
in appreciable quantities in a free state. The other 
members are found in mixtures to form the different 
products given in Table II. Although methane and pro- 
pane are gases when separated, they are found in solution 
in some of the lighter products in the table. The boiling 
point and specific gravity of products in this list are not 
accurate but are only approximate, as the points of distil- 
lation of diftevont products change as the demand for them 
changes. P\)r example, nearly all of the naphtha given in 
this table is now sold as gasolene, while years ago it formed 
a part of kerosene. The change is due to an increased 
demand for gasolene without a proportionate increase in 
the demand for kerosene. Nearly everyone can call to 
mind the fact that at one time kerosene was somewliat 
dangerous. This was due to the presence of some of the 
hydrocarbons now contained in gasolene. This dexvs not 
re/ider gasolene more dangerous, but makes it loss dangerous. 
But this is because difierent precautions are taken wdth gaso- 
lene than with kerosene {vide figs. 110-111, ( -liajiter XL). 

Rhigolenc and chimogene are of very little commercial 
value because of their scarcity. Rhigolene is used to some 
extent as an anaesthetic and in the arts, and is known as 
petroleum ether. 

(lasolene proper, otherwise known as benzine, motor- 
spirit, petrol, essence, etc., is chemically composed of 
pentane, hexane, and heptmie, difieriifg in proportion as 
the grade of gasolene differs. Commercial gasolene is 



38 


OIL FUKL. 


HOW found to difier very much from that 8)iown in the 
table. One chemical authority has said, ‘‘The name 
‘gasolene’ is now used simply to cover up a multitude 
or sins.” Gasolene with a specific gravity of *836 to 
•<557 (90° to 80° Beaume), as given in the table, is used 
for tlie extraction of oils and in carburetted air lighting^* 
systems. 

High-grade motor gasolene has an average specific 
gravity of about *686 (74° Beaume), and is composed largely 
of naphtha C as given in Table II. 

Common motor-spirit a few years ago had a specific 
gravity of alx)ut ‘(jO or *70 (alH:nit 71° Beaume). Tliis was 
composed principally of naplitha B and C. There are now 
grades much lower than this and containing naphtha A in 
considerable proporti on. 

Gasolene of *083 sp. gr. (75® Beaurni) when analysed 
proves to be about 80 per cent, hexane, 18 per cent, 
heptane, and 2 per cent, pentane. This gives a chemical 
comix)sition of 83*8 per cent. carlx)n and 1(5*2 per cent, 
hydrogen. The composition is expressed by 41*8(5G.Hi4-h 
6-48C,H,,+C5H,2. 

Gasolene has a calorific value of 18,000 to 20,000 B.T.U. 
per ])ound. 

For the complete combustion of one pound of gasolene 
about 190 cubic feet of air is ro(|uired. As one pound of 
fuel forms 26 cubic feet of vapour, a perfect (Munbustible 
mixture is made up of one part vapour and seven and 
three-tenth parts air by volume. 

An excess of fuel will cause incom])lete combustion. An 
increase of air up to about 10 to J may cause an iTici oast'd 
efficiency, even though all the air does not enter into the 
reactions of combustion. 

Kerosene of 150“ fire test is made up principally of 
decane, but also contains a large percenUige of nonarm 
and hexadccane. The vapour which forms above it when 
warm is principally nonane. 

The^ heat value of kerosene is about 21,000 to 22,000 
B.T.U. per pound, and is therefore biglier than gasolene. 

For the complete combustion of kerosene vapour 200 to 
210 cubic feet of air is required per pound. 

With the increasing demand for motor-spirit for use in 
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automobiles and the like, the specific gravity of this fuel 
has a much wider range than it had ten years ago,^ brands 
of motor-spirit under difierent names, and made up of 
various grades of petrol, paraffin, and benzole, being now in 
common use. But as a matter of fact, the specific gravity 
is not so important as the boiling point of the fuel. The 
temperatures at which the various constituents of motor- 
spirit evaporate should lie as closely together as possible, 
so as to produce a uniform result. 

As a sul)stitute for petroleum spirit, benzole is one of 
the fuels that have met witli the greatest measure of 
success. Benzole is manufactured by the fractional dis- 
tillation of coal-tar. Pure benzole is of uniform composi- 
tion, and in this respect is unlike any of the distillates 
from jKitrohmin ; it conforms to the formula CgH^, and 
boils at 176° F. 

But as coal-tar under conditions {vide p. 17, Chapter I.) 
only yields so small an amount of benzole, this fuel is 
not often used in the pure state, but mixed with xylol, 
C«H,CH,CrT,, toluol CcH^CHs, and cumol CcH.CH, CH,CH ; 
wliich compounds, as their formula) sliow, are richer in 
hydrogen than pure benzole, and therefore lighter and of 
greater thermal value; however, their average boiling 
point is 50 to 70° F. Iiigher than pure benzole, but pro- 
vided their admixture does not exceed the proportion of 
one of toluol, etc., to ten or twelve of l>enzole, the resultant 
fuel, known as commercial benzole, if washed fairly free 
from sulphur and a gummy substance called coumarinc, 
forms a very successful substitute fuel for petroleum spirit, 
and one that can bo produced in considerable (juaiitities 
from bituminous coal, lignite, peat, etc. Pure benzole, 
solidifies at 40'' F.,‘^ and therefore requires to be 
mixed with a percentage of more volatile fuel, such as 
toluol, and xylol, Benzole such as known 

as 90 per cent, is the brand most generally used for motor 
work, and 1ms a sp. gr. of *885 ; this is of a volatility that 
90 per cent, of it will boil away at 1 00° C. ; that known as 
50-90 benzole is a mixture with a greater percentage of 
toluol chiefiy, of which 50 per cent, will boil away at 
100° C. and 90 per cent, at 120° C. The calorific values of 
* £. A. Langdon. ■ W. R. Ormandy. 
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benzole, toluol, and xylol are approximately equal altliougli 
their boiling points and sp. gr. differ, the B.T.U. varyiiag 
from 18,100 to 18,460 respectively. 

Another proposed substitute for petroleum spirit is de- 
natured alcohol, known as methylated spirit, which con- 
sists of 82 per cent, ethyl alcohol, plus 10 per cent, wood 
spirit, plus 8 per cent, of water. 

Pure ethyl alcohol, as its formula CgH^OH shows, con- 
tains a large percentage of h^^drogen, but the oxygen 
content not only reduces its thermal value considerably 
but enables it to combine readily with water, a 10 to 15 per 
c6nt. dilution rendering it unsuitable as a substitute fuel 
for motor work. In its pure state ethyl alcohol has a 
thermal value equalling 12,700 B.T.U. per pound, methyl 
alcohol 9600, and methylated spirit of *815 sp. gr. a value 
equalling 11,600 B.T.U. per pound. 

Naphthalene, which is solid at normal temperatures, can 
also be used as a substitute for petroleum spirit for power 
purposes when melted, but need not be considered seriously 
as the supply is comparatively limited. Naphthalene has 
a sp. gr. of 1*15, melts at 174'' F,, boils at 424* F., and con- 
sists principally of carbon, as its formula denotes. 

In concluding tliis chapter on the chemical composi- 
tion of the vaiious liquid fuels, it may be interesting 
to add a table for comparison, showing the composition, 
calorific value, and evaporative power of different kinds 
of coal. 


Coal (from eeveral 
Bainples). 

Rpociflc 

(Sravity, 

C. 

H. 

0, 

S. 

Aali. 

MToist- 

ure. 

B.T.U. 

TJw. of 
Water 
evap. 

Welsh 

1-315 

83-8 

4*8 

1-0 

1-4 

4-1 


14,470 

14-98 

Newcastle . 

1-266 

82-1 

6-3 

1-3 

1-2 

5-7 

3’8 

14,432 

14*94 

Derby and Yorks 

1-292 

79-7 

4*9 

1-4 

1*0 

10*3 

2-6 

]3,6S2 

14-06 

I Aiicashire 

1-273 

77-9 

6-3 

1-3 

1'4 

9*5 

4-6 

13,652 

14-03 

Scotch 

1-260 

78-5 

6-6 

1-0 

11 

9-7 

4-0 

13,804 

14*29 

Average British . 

1-279 

80-4 

6-2 

1-2 

1-26 

7-87 

4-0 

13,968 

14-46 










CHAPTER IV. 

CONDITIONS OF COMBUSTION IN OIL-FUEL 
FURNACES. 

The opportunities of observing the process of combustion, 
as well as other phenomena, characteristic of the burning 
of oil as fuel are of considerable moment, and in this 
connection some observations have been made by Prof. 
Vivian B. Lewes, who has dealt with the subject from a 
purely chemical point of view, as follows : — 

“ When coal is burnt in a furnace/’ says Prof. Lewes, 
a large proj)ortion of the licat transmitted to the water 
takes place by radiation, and it is clear that in our method 
of burning oil it will have to be determined whether it is 
better to so arrange the air supply as to produce almost 
non-luminous flames, such as those given by the atmo- 
spheric burner, or whether the air supply should at first be 
limited, so as give a highly luminous flame, and the air 
needed to complete the combustion only abided when the 
combustion chamber is reached. ‘A non-lmntiums Jia/nie 
(jives hnt Hide radlmtt heat, whilst the ineumlescent 
'particles in a Inn li nous flame giiui a very considerable 
amount,' My own impression is that to facilitate the 
transmission of a portion of the heat as radiant hoixt the 
flame in the furnace itself should be luminous, and tliat 
the combustion should be completed by the addition of 
more air at the entrance to the combustion chamber before 
the tubes are reached. 

“ The transmission of heat from a non-luminous flame in 
the furnace to the w^ater in the boiler is but small, as the 
contact of the surface of the furnace crown extinguishes 
the flame, and loaves a layer of bacfly conducting gases 

" 11 
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between the metal and the flame. It is for this reason that, 
when the mass of radiating fuel on the furnace pate is 
done away with, and is replaced by the flame of burning 
hydrocarbons, it becomes necessary to use fire-brick or 
other refractory material in the furnace, in order that it 
may become highly heated, and by its radiation aid the 
transmission of heat to the water in the boiler. 

“ There is another side, however, to the question which 
must not be overlooked, and that is, that it is necessary to 
dilute the oil gas as far as poB.siblo >>cforc combustion, in 
order to prevent the deptMition of carbon, which, once 
formed, is very difficult to iHd>urn, and is one of the chief 
causes of smoking. If the effect of the steam is merely the 
meclianical one of injecting, and afterwards diluting, tJie 
oil gas, and no chemical action took place, the adv^aiitage 
would be entirely on the side of such injcjctors as do 
their work by pressure and not by steam, but it must 
be remembered that, as the oil spray is lieated in the 
furnace space in presence of the steam, chemical action 
takes place and gi*eatly simplifies the composition of the 
hydrocarlKuis. 

“It may be ix)ug}ily taken that tlic petroleum re.sidue 
chiefly employed will ajiproxiniate to 

will be a mixture of hydrocarbons, the composition of 
which is around this point, and if tliis he la’ouglit in 
contact with sufficient steam in the hot fumacc space, the 
action, if complete, would result in the formation of carlxm 
monoxide and liydrogen — 

C33ll2^ + 12H20-12CO-f25Il3 ; 

whilst under ordinary working conditions, the proportion 
of steam being far less than tliLs, the result would be hydro- 
carlx^ns of a more simple molecular .structure diluted by 
hydrogen and carbon njonoxide, such a mixture being com- 
paratively easy to burn without formation of smoke, whilst 
the rich oil gas and oil tar vapours, formed by the heating 
when no steam i.s there to aid the chemical interactions, 
are excessively difficult to burn without the formation of 
smoke. * 

“ Some observers have tried to argue that the utilisation 
of steam for direct pulverisation of the oil adds enormously 
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to the heatiug effect bv producing in this way hydrogen 
and carbon monoxide, but this, of course, is an utter mis- 
take, ^ as it takes jvM as much heat to break up the siea/tn 
as is evolved by the after eoTtibustiou of the products 
formed ; ' that is to say, the balance of heat will remain 
unchanged, whether the oil be burnt alone with air, or 
whetlier it be decomposed by steam and the products then 
burnt, the great advantag<5 of the steam l)cing to facilitate 
the combustion of the oil without the formation of smoke, 
which undoubtedly must give increased heat by preventing 

esf^ipe of unc^onsumed products. 

One of the (jiuostion.s wliich is of tlie gi*eate8t possible 
importance in the combustion of liquid fuel is the regula- 
tioii of the air supply in such a way as to complete the 
combustion within tlie area possible to allow in the boiler. 
This requires most careful expcrimtmtal research in order 
to determine not only the volume, but also tJie particular 
stage in the combustion at which it answers bcist to add* it. 

In the combustion of liquid fuel the oil is practically 
entirely converted into gas, vapour, and floating particles 
of finely divided carbon Iwforc combustion begins, or at 
any rate Iwjfore any large amount has been consumed. 
This rcipiires a large combustion area, as the volume of air 
nced(^d to complete tlie action and prevent smoking is very 
groiit, whilst with coal the combustion of the largest pro- 
portion of the. fuel takes place on the furnace grate, and it 
is only the esciipiug gases distilled out of the coal and 
formed by the incomplete combustion that have to be burnt 
in the crown of the furnace and combustion cliamter. 

“ The (piestion of combustion area and air supply needed 
the use of liquid fuel is made clear when one considers, 
in figures, the work which has to be done. With a service 
vessel under full steam, if the bevsi Welsh cr)al is used, there 
will be little or no smoke, sliowing that combustion has 
been fairly complete, whilst one knows that if one took a 
Newcastle or Durham coal there would be abundant black 
smoke from the tunnel, showing that already the combus- 
tion area and air supply were insufficient to deal with the 
work that had to be performed. 1 f one took the actions 
taking place with a bituminous coakas representing the 
maximum efficiency of combustion that could be obSiined 



44 


OIL FtTEL. 


by that particular arrangement of boiler and furnace, one 
would be certainly“ overstating and not understating the 
efficiency. 

“ The action of the heat from the fire in the grate wdmn 
the coal is first charged in very closely resembles the 
actions that take place in the gas-maker’s retort, as 
the red-hot fuel below is raising the fresh fuel above to a 
temperature of about 1000'' C., and is preventing any large 
amount of air from getting through the bed of inciindes- 
tsent carbonaceous material to it. Under these conditions 
a ton^of bituminous coal would yield 10,000 cubic feet of 
gas and 10 gallons of tar in the condition of vapour, whilst 
75 per cent, of the weight of the coal would be loft to burn 
on the fire grate, a certain proportion of which, by incom- 
plete combustion, would yield carbon monoxide to add to 
the body of gas to be bui*nt up in the crown of the furnace 
and the combustion chamber. 

“ On the other hand, when a ton of astatki is conv(a‘ted 
into gas, on being injected into the furnace, it yields double 
this quantity, i.e. 20,000 cubic feet of gas and about .1 2 per 
cent, only of residual tar in the form of vapour and carl)on 
particles. Not only is the volume of gas thus yielded twice 
as great in the case of oil fuel as in the case of coal fuel, 
but it is a gas which, being far richer in hydrocarbons, 
requires a far greater volume of air for its complete com- 
bustion than was the case with the gas developed from the 
coal, so that it can easily be unde5rstood that a furnace 
with its combustion area and air draught arranged for coal, 
cannot be expected to deal with nearly the same weight of 
liquid fuel. 

“ It must be borne in mind that the area over which the 
combustion spreads is governed by the length of travel 
of the combustible gases before they find the necessary 
amount of atmospheric oxygen for their complete comhiis- 
tiori, and that the conditions of air supply mean, to a gi’eat 
extent, regulation of combustion space; but whilst doing 
this and completing the combustion of laige volumes of oil 
in a small space, a limiting factor will soon bo found in tlie 
intensity of the temperature attained, so that the important 
factor U) be determined is the weighi- of oil that can be 
consumed per cubic foot of combustion space, without 
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throwing an undue strain from overheating on the material 
of boiler and fittings.'’ 

The experiments carried out by Mr E. L. Ordo were made 
witli crude Borneo oil, the composition of which is : carbon, 
87*9 per cent.; hydrogen, 10*78 per cent.; and oxygen, 
1*24 per cent. The flash point is 211° F., and the boiling 
point SOS'* F. The calorific value, determined by tlm Bomb 
calorimeter, is 18,831 B.T.U. 

All fuel oils are exceedingly complex, being made up of 
a number of combinations of carbon and hydrogen which 
only a chemist who has devoted himself to investigating 
hydrocarbons can appreciate at their true significance. 
Tlie imy>oT*tance of this point for tlie practical purposes of 
the engineer lies in the fact that the various constituents 
of the fuel give off vapour at temperatures varjdng from 
about 100° F. up to the boiling point of the oil, and when 
the boiling point is approached — unless special precautions 
are taken — a residue of solid carbon is formed which will 
soon choke any pipes or narrow passages through which 
the fuel may have to pass. 

An impoi*tant cliaraciteristic of these hydrocarbon com- 
pounds is that in the presence of superheated steam they 
can be completely distilled without cracking, and the 
explanation of this fact has been stated to be that in the 
prisstmce of superheat(‘d steam the boiling point, or, more 
correctly, the mean boiling point, of tlie oil is low^ered. 
This distillation, howc'ver, does not appaiently take place 
with any other medium but steam. 

To ensure distillation it is necosvsary that the temperature 
of the oil should be raised to as near the boiling point as 
possible before it is admitted into the presence of the steam, 
and it is in this part of the pi*oeess that tho dang(*r of 
cracking appears. In the apparatus under observation 
this difficulty had been overcome, and, so far as it has l>ecn 
possible to ascertain by ordinary means, complete vaporisation 
was secured. The vapour thus produced can be completely 
oxidised by the amount of air chemically necessary, and a 
larger quantity of oil can, therefore, be tn^ated in the same 
furnace space than by either of the two other systems, 
while the combustion, as shown by the analyses of waste 
gases, is complete. 
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I, Per Oeiit. II. Per CJetit, 

Caj’him dioxide . * . . « ♦ 13*2 12*6 

OKyfSfin «*6 4*0 

Oarbon mou0xU\e 
UydrocHrlwti guses 

Hydrogen 

Hitrogen 83*2 ^83*4 

The only feature calling for reiniirk is fclie somewhat large 
percentage of uncombined oxygen, which is no doubt due 
to leakage around the smoke-box. As regards efliciency, 
an evaporation of from 15 to 16 llxs. from and at 212° 
should always be obtained with dry Borneo oil. 

The hydrocarbon vapour is exceeding unstable, and 
appears to depend for its existence entirely on temperature. 

The exact form in wiiich the combustion of these 
hydrocarbon vapours takes place docs not seem to be clearly 
understood. The appearance of the flame at a distance 
of a few inches frofn the nozzle of tlie burner suggests 
that at that point the hydrocarbons are burning in the 
form of acetylene, which all gaseous hydrocarbons do at 
a temperature of lOOO’ F. As the flame proceeds further 
into the furnace, however, and the temperature becomes 
higher, the hydrocarbon combination must break up, and 
the rest of the vapour is probably burned as carlxm 
monoxide and hydrogcu. 

It has been suggested by some of the early writers on 
the subject that liquid fuel has a higlier calorific value 
tlmii solid fuel of the same chemical composition, from tlie 
fact that a certain amount of heat has ])een rond(jred latent 
in paasiiig it from the solid to the liquid form; and it has 
tliereforc been argu(*<l that lieat values calculated on the 
basis of solid carbon are underestimated to tlie extent of 
this latent heat of liquefaction. Dr Paul, who investigated 
the subject very closely, has suggested GOOD B.T.U. as tlie 
value of the heat thus lost, but as this is the value assigned 
by Rankine to the latimt heat of the gasification of xolid 
carbon, it would appear to be too higli for the latent neat 
of its liquefaction. The determination of the heat value 
of petroleum by the Bomb calorimeter does not show the 
existence of this latent heat, and Dr Paul comes to the 
conclusion that it is not probiible that petroleum, when 
used as fuel, can be made to evaporate more than about 
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16 lbs. of water from and at 212'' F. This agrees with 
nearly all the woU-authenticaU‘xi i-esnlts that are on record. 

Taking Borneo oil as an example, a heat balance sheet 
that has been experimentally obtained is given below. 


Hkat Balanck Shket of Borneo Oil, 


Low dne to Moisture. 

Units of Evaporation. 

1 . x9x(212-0 + 968 + 0-48(2’-2I2) j 

/where / = initial Umperaiurt of Qil\ 
= temperature of escaping gases, f 

2. Losses due to heat earned off hi escaping 

4000 ■ 

of air required for combustion 

1*16 

1 

1*0 

1*2 

1*19 

(observed )) ...... 

1*46 

1*6 

2*3 

2*21 

8. Loss due to radiation (observed) 

1*3 

1*4 

1*8 

1*38 

4. Heat employed in eva[)oration 

16*4 

16*4 

14*5 

14*6 

Total heat value of oil • 

19*4 


19*4 

19*4 


The heat lost in radiation was measured at a sepaitite 
trial, the amounts thus found were interpolated in the 
balance sheet, and observed to agree very closely with 
the result found by difference in the usual way, but the 
second, when the observed evaporation was undoubtedly 
too high, the observed evaporation results were 15*4, 
15*95, 14*6, and 14*8 respectively. The difference between 
the first and second pairs of experiments is duo to 
the presence of water in the oil. This exercises a very 
important function on the behaviour of the fuel, and is 
responsible for much of tlie difficulty tliat luis attended its 
use. “ The actual reduct imi of the heat value of the fuel 
= B,T.U, per 1 per ceuK water, in addition to the 
loss of the oil which it re ph tees'': for example, 1 lb. of oil 
mixed with 10 per cent, water evolves 

18,831 X 0-9=:16,947*9 B.T.U. 
less 131*4 „ 


a difference of 1915*5 B.T.U., or a loss in evaporative 
power of nearly 2 lbs. of water from and at 212". 
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Besides this actual loss of heat, the presence of water 
destroys the conditions necessary for perfect combustion, 
and this occurs and may cause* considerable damage to 
boilers of the ordinary marine type, although the quantity 
is not suiEcient to extinguish the flame. The first effect 
is naturally to reduce the temperature of the flames and 
thereby increase . their icngtli, thus moving the point of 
highest temperature further into the furnace, which has 
the effect : — 

1st. Of rendering a large portion of the furnace heating 
surface entirely useless ; 

2nd. Of raising the temperature in the combustion 
chambers to a point which may be hurtful to 
the material ; and 

3rd. Of causing the last stage of combustion to take 
place in the smoke-]x)x and funnel. 

The conditions that attend and the reactions that take 
place in burning licjuid fuel in boiler furnaces present, a 
problem which has apparently not received the attention 
which it deserves. Petroleum vapour depends cmtirely on 
temperature, and it is therefoi‘e almost impossible to collect 
samples when actually burning it in a furriiice. It seems 
obvious that the first effect of the furnace heat on the 
petroleum spray is to liberate hydrocai'bon vapours, and 
to ignite them on the outer surface of the jet. The ignition 
raises tlie temperature! of the wliole of the jet, aiul prohabJ37^ 
dis*sociates some at least of the hydrocarbon vaj)ourR into 
carlion monoxide and hydrogen. In what form the un- 
dissociated hydrocarbon vapours burn it is difficult to 
conjecture, but tlie apj)earance of the flames suggests that 
acetylene is pnisent. 'I'liis might conceivably arise from 
the reaction CHj+CO = H.^O*4-C2H2. As the temperature 
of the flame nses, the hydrcKiarbons are probably all dis- 
sociated, and burn as CO and II to CO.^ and Hj,0 without 
further change. When tlie conditions are satisfactory, 
the flames are opa(jue and dazzling white in colour for 
a distance of some 6 inches from the nozzle of the burner, 
become semi-transparent and almost violet in colour at 
the middle of their length, and shade into ro<l at the end. 
In burning oil which is mixed with water the combustion 
is incomplete, the violet colour never appears, and the 
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end of the flame is dark red and fringed with smoke. 
In some cases, where water is present in comparatively 
small quantities, the end of the flame is white and presents 
the appearance of acetylene, which may arise from want of 
sufficient heat in the flame to decompose the hydrocarbons. 
This has been observed when, although no smoke was 
formed and the air supply was not more than 20 per cent, 
above what is chemically necessary for the fuel, the 
evaporative performance of the boiler was poor, which 
confirms the existence of a low furnace temperature. 

Needless to add, the maintenance of a low stack tempera- 
ture is an extremely important point in the economical 
working of an oil-fired boiler, for the heat lost per pound 
of fuel when even the minimum quantity of air is admitted 
to the furnace is never less than 7 to 8 per cent, of the 
total value of the fuel — assuming a st^k temperature 
of, ^y, 420'’ F. al)Ove that of the stokehold, and a fuel 
having a calorific value of 19,000 B.T.U., and containing 
83 per cent. C -f 1 2 per cent. H -f 3 per cent. S -I- 2 per cent. N, 
moisture, and other incombustibles: The B.T.U. carried 
away by the products of combustion will 1x5 1493 for each 
pound of fuel burnt, and be equal to 7*8 per cent, of its 
total lieat value. The minimum amount of air thus 
required is 15 lbs., of which the C contents of tlie fuel will 
combine with 133 cubic feet, the H contents with 01 cubic 
feet, and the S contents witli 2 cubic feet, taken at a 
temjierature of 70'’ F. 

But as in oil-firing 20 to 25 per cent, excess air must be 
siijiplied in order to obtain complete combustion, the stack 
loss will therefore be increased to 9’7 per cent. ; and when 
the excess air supply is further increased to 50 per cent., as 
is (jften the case, then the heat carried away by the stack 
will amount to as much as 12 per cent., and demonstrates 
the advantage of an oil-firing system in which the air 
supplied to the furnace can be highly pre-heated and 
closely regulated to the feed requirements of the particular 
oil being burned. 
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CHAPTER V 

EARLY COMBUSTION METHODS FOR OIL FUEL. 

Although thore is no intention of making this book an 
historical recoi-d in any lengtliy manner, it will be desirable, 
as well as of value, to give a general survey of the early 
methods and appliances which have been used, and of the 
experiments v/hich have been carried out for improving the 
appliances for adapting oil to furnace work. 

As far back as 18()1 a mechanic named Werner, engaged 
in a refinery in Russia, first suggested that the refuse oil 
might be burnt as fuel. He adopted various contrivances, 
but ultimately settled on an appaiutus consisting of a 
series of grates or gi’iddles, over which the liquid trickled 
and burned. A patent was taken out by him for this 
device in 1867, and many firms used it, but gave it up 
when improved appliances were available. 

In 1862 attention was directed in America towards the 
application of petroleum for heating and power. Another 
early method of burning the oil was by means of a pan or 
step over which the oil flowed and was ignited, while almost 
at tlie same time Shaw and Linton patented in America a 
furnace in which the fuel was conveyed into the interior in a 
gaseous state, the oil being previously heated and made to 
give off its lighter oils, which were subsequently consumed 
inside the funiace. Undoubtedly, this was a more advanced 
idea than that of burning the oil in its natural state openly 
in the bottom of the hearth, and reference will Ije made to 
this principle later. In the year following (1863) the first 
spray furnace was introduced into America by Brydges 
Adams for use on locomotives ; yet, in spite of this great 
improvement and the more perfect combustion of the fuel 
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obtained, a year later Richardson introduced into England 
what was known as an oozing furnace. In this furnace, 
which was experimented witli by the inventor in conjunction 
with the Admiralty, the bottom is lined with ordinary burned 
slack lime, spread evenly at the lop, but with a number of 
small vaultings at the Ixittom of the layer. Tlie oil enters 
these spaces from tanks, and penetrating the lime, which 
acts as a sort of wick, becomes ignited and is consumed. 
Later experiments were made with this method of burning 



the oil, with the result that a commission appointed by the 
Admiralty reported very favourably thereon, thougli the 
system was not adopted, owing to tlie prohibitive price of 
liquid fuel. The experiments, however, served to sliow 
tluit unmixed oils had a greater evaporative power than 
mixed, the latter in this case consisting of tar oil and 
shale oil, and, in one instance, tar, shale, and American 
crude oils. The next year (1864), another drop furnace 
(fig. 1) was invented by Audouin in France. But in the 
year following a great step forward was taken by Aydon, 
Wise, and Field (Ijondon), by introducing their nozzle- 
sprinkler, which marked an era in the use of liquid fuel. 
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In this connection Jt would appear that the honour of 
inventing the fin3t apparatus for injecting oil into the 
furnace in the form of a spray rests between Aydon and a 
Russian named Spakovsky. The latter used a blast of hot 
air, for which he obtained an English patent in June 1865 ; 
whereas Aydon employed superheated steam, for wliich he 
also obtained an English patent within three months of 
Spsfcovsky’s specification. In view of the important de- 
velopments that have taken place with both these systems, 



Kjg, 2. — Foote’s gas furnace. 


the credit of originating practical methods of burning 
residual oils is thus attributable to both these inventors. 

In 1867 came another gas furnace (fig. 2), invented by 
Foote in America, which was experimented with by tlie 
U.S. Navy Department on board a gunl)oat; but although 
the results of the tests were said to be excellent, little more 
was heard of the method, which, from a description, appears 
to have been somewhat complicated. Another of these gas 
furnaces was introduced into England in 1868, and was 
tried on a steamship, the Relriever, of 500 tons. Tlie 
working of this system seems to liave given satisfactory 
results, and a short description of it will & presented. 

In this same year St Claire-Deville introduced a new 
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drop furoace in France, something on the same principle as 
that of Audouin, which was used under the boilers of the 
steam yacht Puebla, In this instance a heavy tar oil 
of a specific gravity of 1*044 was used, and her engines 
shi')wed an increase of 2 h.p. over coal, while the con- 
sumption of oil amounted to 3*94 lbs. of oil per horse- 
power per hour* This same system was employed on the 
locomotives of the Chemin do Fer de TEst, where 22 lbs. 
of oil evaporated 240 lbs. of water, compared with 22 lbs. 
of coal bri(j[uette evaporating 176 lbs. of water. 

The year 1868 also inai*ks another epoch in the progress 
of H(juid fuel, for in it Admiral Selwyn made his now 
historic experiments with a burner which he himself devised 
with Aydon, one of the joint inventors of the burner 
invented three years previously by Aydon, Wise, and Field, 
These experiments are notewoitliy in that they were 
carried out with the sanction and under the direction of 
the Admiralty. The burner was a noz/ie-sprinkler, and 
was undoubtedly the most efficient introduced up to that 
time. Before describing this among others, this brief 
review may be concluded. 

By this time the primitive form of liquid-fuel furnaces 
had practically gone out of use, although as late as 1878 an 
oozing furnace was introduced by Paterson in New Jersey. 
The spray and jet had come to be recognised as the only 
efficient forms of burners, although these had many varia- 
tions and were applied in differeiit ways. In 1870 came 
the Lonz burner, which was used extensively on the Caspian 
Sea and the Volga. An improvement was made in this 
later, which provided a circular opening for the oil instead 
of a flat one, and the tongue was also altered in such a 
manner that a broader flame was obtained. In 1872 
Korting invented a burner which also underwent consider- 
ahl(i m^ifleations four years later, and in 1874 Professor 
Unjuliari introduced a burner for adoption on the Russian 
railways, but this early form was soon dropped on account 
of the large consumption of oil involved, and about the year 
1883 a new type was introduced, which was fitted to a very 
large numl)er of Russian locomotives. In tlie year 1880 
the Brandt burner (fig. 3) was introduced, and good results 
were obtained, though its chief disadvantage was that, 
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when cleaning was necessary, steam had to be shut b£F^ 
M’^hich was an expensive and often inconvenient task. 

The burner of Aydon, Wise, and Field is one of the 
earliest methods of burning petroleum as fuel, and was 
first used at South Lambeth in 1866 with a Cornish boiler. 
The oil entered from a vertical pipe through an opening 
about 1*2 inches in diameter, through wlxich it flowed from 
a tank above at the rate of about 3*3 gallons per hour. 
During its course the oil was forced into the discharge pipe 
by the stream of superheated steam escaping from the 

horizontal pipe, which 
drew in air through the 
funnel. The oil, steam, 
and air met and mixed 
in this pipe, and arrived 
through a cone-shaped 
mouth over the fire-door 
into the fire-box. About 
3 feet 3 indies from the 
fire-door was a bridge of 
tiles against which the 
stream of oil and steam 
impinged in the form of 
a cloud of thin vapour, 

Fio. 3. -Brandt*, burner. .superheated steam 

having distributed part 
of the oil and vaporised the remainder. The unconsuined 
particles of this vapour either became ignited at a coal fire 
or against the fire-bridge, which was intensely hot. This 
ignition was facilitated by the previous mixture with air. 
The supply of oil was regulated by a tap in the supply 
pipe, the steam by a spindle, and the air by a cap. Tlie 
fire was lighted hy placing some red-hot coals on a sheet 
of iron on the grate, which afterwards ignited the oil. 

The burner of Aydon and Selwyn (figs. 4 and 5) was 
used in the trials conducted by the Admiralty tit Greenwich 
in 1868 with a Field marine boiler. Aydon modified his 
apparatus so that the oil and steam mot at an acute angle. 
The steaia spray was regulated by a tapering spindle, 
which was kept in position by a smtill pressure screw. 
The pipe in which the meeting ojE ipil, steam, and air took 
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place remained the same, except that an opening was 
provided beneath for the admission of air. Daring the 
first experiments of Selwyn two fire-bridges were placed 
in the fire-box and the floor was covered with fire-bricks. 
Subsequently this brickwork was removed, and the fire- 
bridge alone remained. A coil of piping was, however, 
hung between the Field tubes, and through this the steam, 
being previously superheated, had to pass before it arrived 
at the sprinkler. The fire-door was removed, and was 
replaced by a cross-barred slide, by means of which the 
air was regulated. The results of the trials made showed 
a 7‘5-fold evaporation with coal, against a 10‘5-fold 



Fio. 4.— Ayilou and Selwyii’s burner ; and Fig. 5, arrangement of furnace. 


evaporation with *tar residual. The Admiralty were so 
satisfied with this, that the boiler of H.M.S. Obenm was 
placed at Admiral Sehvyn's disposal for further experiments. 
This had a heating surface of 1707 feet, whereas tlie Field 
boiler had a heating surface of only 10(53 square feet. 
For these experiiiieiits Admiral Selwyn used a nozzle- 
sprinkler in which the oil was delivered through a central 
pipe, and the steam through a concentric pipe. With a 
view to making the boiler immediately available for coal- 
firing, the grate was n(3t removed, but was merely covered 
with fireproof stones, which attainecl a white heat, and 
were found excellent non-conductors. For the same reason 
the steam superheating pipe had to be placed to the forward 
smoke-box. During a three hours’ trial, on November 13, 
1808, 2*2 lbs. of tar oil evaporated 33*^ lbs. of water at a 
temperature of 100^^ 1 wi^^ steam pressure of 40i lbs. 
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The other trials did not show results quite so satisfacix)ry. 
In trials with water at a temperatui*e of 212® F. the best 
result attained was an evaporation of 37 J lbs. of water 
with 2*2 lbs. of tar oil, the theoretical evaporating power 
of which is put down at 38;6 lbs. A perfect combustion of 
the oil was tlierefore practically obtained. 

In the burner of Dorsett and Blythe (fig. fi) the retort 
and burners were sc/pai’ate. Experiments with this appli- 
ance were carried out 
on board the Retriever. 
When steam wjis gener- 
ated the two toilers 
employed were filled 
with heavy tar oil of 
1*050 specific gravity, 
and this was evaporated 
by means of an ordin- 
ary coal fire. When 
the oil vapour reached 
a pressure of about 20 
lbs. per S(]uare inch it 
was conveyed to the 
retorts of the furnaces, 
where it entered a 
couple of burners, 
which continued the 

Pio. 6.— -Dorsett and Blythe’s gas furnace. evaporation of the oils. 

When the oil vapour 
had attained a pressure of 50 lbs. per square inch, or a 
temperature of 932*’ F., it was admitted to the furnaces. 
About 75 nun. above this a thin iron plate was attached, 
which extended backwards as far as the combustion 
chamber. About 75 mm, still higher another plate was 
placed, shorter and perforated. This was covered with 
fire-bricks. The back opening between the two plates 
was filled up with these bricks, the forward part only 
partly, so that a certain volume of air could enter and 
find its way through into the furnace. Another volume 
of air, regulated by means of a sliding valve, was ad- 
mitted to the combustion chamber between the lower 
plate and the ash-pan. The gas-supply pipe enter- 
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ing etuch furaace ran aloDg the fire-bricks as far as the 
combustion chaml^)er, and then turned back. The com- 
bustion chamber at the back, common to all three fur- 
naces, also contained a ^as pipe which communicated with 
those in the furnaces. The gas pipes in the furnaces had 
four holes of 0*08 inch in diameter, and that in the com- 
bustion chamber had eight such holes, so that the boiler 
was heated by twenty gas flames. Each pipe had an 
entrance and a vent tap, the first for regulating the supply, 
and the latter for carrying off any condensed oil which 
might form during the heating. In consequence of the 
very high temperature of the oil vapour, the retort boilers 
as well as the gas pipes were protected with a jacket of 
thin iron })lating, and the spaces between filled up with 
sand and pottery. About 150 li.p. was given out by the 
engine, which moans, at an hourly consumption of 529 lbs. 
of oil, about 3*52 lbs. of oil per indicated horse-power per 
hour. Tlie evaporation, which was 12‘36-fold, according 
to Paul, agrees with these data. The combustion also 
seems to have been good, and very little smoke was given 
out by the steamer. 

Lenz’s first sprinkler (fig. 7) was introduced in 1870, 
and was extensively used on the steamers of the Caspian 
Sea and lower Volga. In this burner two pipes lead to 
the sprinkler in the fire-door ; the upper one conveys the 
oil, and the lower one the steam. The sprayer is divided 
into two by a partition A, thus preventing the inter- 
mixture of oil and steam. This division terminates in a 
tapering tongue B, in the grooves of which the oil flows 
out to be blown into separate thin sprays by the steam 
tha^ comes out from underneath this tongue. The intervals 
between the sprays of oil serve to facilitate the access of 
air. The flow of oil and steam is regulated by the circular 
slides C C, which are pressed by spiral springs against the 
inner walls of the cylindrical sprinkler. A spigot fastened 
eccentrically in the axle of the spindle D grasps each slide. 
The spindles D are firmly packed at E against the parti- 
tion, and terminate outside the sprinkler with a square 
section, so that they can be turned by keys, and thus effect 
the displacement of the slides. Should 4.he flow of the oil 
be stopped, tlie oil pipe is shut off, the tap F is opened, and 
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the tongue openings are then blown through. When a 
thorough cleaning is necessary, the cover G is unserfewed. 
The first Lenz sprinklers were not at all satisfactory, as the 
flame did not uniformly heat the furnace, and combustion 
was imperfect, while the ■walls and ends of the pipes were 
destroyed. Soot formed in considerable (quantities, and a 
very poor duty 'was obtained per indicated^ Imrse-power 
per hour, requiring as much asfi’C to 7'7 lbs. of mineral oils. 



^ r f. I* 

Fig. 7. — Lonz’s lirst burner. 


The new slit-sprinkler of Lenz was furnished with a 
circular opening round the cylindrical chamber, instead of 
a straight .slit. This ensured a circular flow of the oil 
spray. The slides were also made cylindrical, and were 
movable backwards and forwards in the chamber. For 
this purpose grooved eccentric rings were placed round 
the spindles, and run along a groove in the centre of 
the slides. The tongue was also altered for the purpose 
of obtaining a broader flame. This improvement was 
spircially adapted for marine boilers and locomotives, and 
through its introduction the utility of the Lenz sprinkler 
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was greatly augmented, although its cost was considerably 
increased 

The nozzle-sprayer of Kdrting (figs. 8 and 9) was intro- 
duced in 1876, and has been used in l)oilers arranged for 
coal fires without requiring any change in the fire-box. The 
n on-superheated steam is admitted into the sprinkler by 
the valve A, and enters first into a well-shaped compart- 
ment, from which it 
escapes into the 
nozzle through small 
orifices in the copper 
t u be. This arrange- 
ment ensures the 
liberation of the 
steam from the de- 
posited water, the 
voluiue of which 
niiglit become very 
considerable in a 
small steam pipe 
only 15 mm. in 
diameter. The con- 
densed water does 
not pass out of the 
orifices with the 
steam, hut remains 
behind in the bell- Fia. 8. —Korting’s iiozzle-spiinklpr ; and Fig. 9, 
shaped com part- arruJigemeut of furiiace. 

merit, and is drawn 

off from time to time by means of the. screw valve C. 
The steam flowing through the nozzle induces air through 
tlie orifices E, and mixes with it; this mixture vaporises 
in the moutJi-piece F an oil spray G mm. diameter, >vhich 
flows out of the nozzle and is regulated by a tap. The 
vapour spray and the oil spray meet at an angle of 
bO"", and, as will be noticed, the flame is blown slantingly 
into the lire. The air induced by the steam jet is 
said to produce a better result by being drawn over 
the oil. 

Another burner used by Kortvng,^and reproduced in 
tig. 10, is very similar to that of A^^don and Selwyn, 
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already described. The oil flows out of the slit-like 
opeuingS) and is vaporised by steam jets, winch meet it 
at an acute angle. The steam jete, which issue from 
orifices of from *04 to *08 inch in diameter, are together 
somewhat broader than when tar was employed Should 
the nozzle get stopped up, the plug C is taken out, the 
supply turned off, and the nozzle cleaned out with the 
needle D. 


Prof. UrqiiharPs first liquid-fuel burner was experi- 
mented with on the Grazi-Tsaritsin Railway in Kussia, 



Fio, 10. — Korting’s third burner 


but owing to the large oonsump- 
tion of oil involved, tlio system 
was for a time relinquished. 

Between 1882 and 1885 Ur- 
*quhart*s late.st noz/Je - sprinkler 
(fig. IJ) was introduced. In this 
the oil is conveyed from the tiinks 
in the> tender by means of a tube 
and a pipe into the burner. Tlic 
non-superheated steam leaves the 
dome of the boiler and enters 
the latter ; it passes through ori- 
fices into the interior of a bronze 


spindle, and escapes through the front of the nozzle. A 
spiral wheel which moves on a spring in a groove regulates 
the outlets for tlie oil residuals. l.’'o obtain the requisite 
amount of air the burner is fixed so as to exUmd into a 


flue, and a space of about 1 inch is allowed between 
tlie flange of the sprinkler and the plate of the boiler. 
The oil and steam are separated inside the sprinkler 
by means of a box filled with asbestos packing, which 
has to be renewed about once a month. The admission 


of steam is regulated by a special valve in the pipe. 
Urqnhart, after making numerous experiments with these 
burners in 1884, found that, by using oil for his loc;o- 
motives instead of coal, a saving of 53 per cent, could Be 
effected. In locomotives burning anthracite, and with a 
steam pressure of 8 atmospheres, from 7 lbs. to 7i^ lbs. 
of water were evaporated by 1 lb, of anthracite ; whereas 
1 lb. of oil evaporated from 11*35 lbs. to 12*25 lbs. of 
water. As a result of this, 143 locomotives were fitted 
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with this system on the above-mentioned Kussian railway 
as early ns 1885. 

Should the burner get stopp^ up, the spindle has only 
to be screwed back, and the oil will force the carbonised 
particles into the fire-box. UrqnhaH also protected the 
walls of the pipe against the Sanies, and prevented the 



Fio. 11. — Sectional view.s of Urqul^rt’s burners. 


deteriorating effect on the boiler which their direct action 
would entail, by lining the inside of the furnace (fig. 12) 
with fire-brick. The sprinkler is fixed rather Ioav, and 
blow^s into a furnace chainln^r built into tlie fire-box and 
covered with a vaulted roof which slants off in the direction 
of the tube-plate, 'flie brickwork stands out from the wall 
of the fire-box about 2 inches, so that these w’^alls are not 
lost to the heating surface. The flames beat from the 
furnace chamber against what was previously the fire-door, 
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and which has been bricked tip, leaving only a peep hole. 
Two channels are built into the walls of the furnace 
chamber, and lead a portion of the heating gases to the 
lower surface of the tube-plate, as well as into the spaces 
between the brickw^ork and the outer walls of the fire-box, 
so as to give these a larger heating surface. The requisite 
amount of air is induced into the furnace by the jet, and 
more air is admitted by the ash-pan dampers, which are 
regulated by chains and chain wheels. The air entering 
at the front ash-pan damper passes through a channel. 

and is warmed before 
being admitted to the 
gases. Complete com- 
bustion of tlie oil is en- 
sured by fitting the lire- 
box with tiles, which, 
being non-conductors of 
heat, keep the walls of 
the fire-box at an ecjual 
temperature, and even 
relight the oil -stream 
should it have a tend- 
ency to become inter- 
mittent. 

The burners intro- 
duced by D'Allest, 
chief engineer of the Gie Fraissinet of Marseilles (tigs. 
13 and 14), were the outcome of an express wish on 
the part of tlie French Ministry of Marine to obtain a 
burner suitable for use on torpedo-boats. The experiments 
made with these burners, therefore, form an interesting 
link in the general development of liquid fuel, while they 
were probably the most exhaustive which had been carrieil 
out up to that time. The first burner consisted of a conical 
chamber of bronze, to wliich the liquid was conducted 
through a tube. Through the chamber into which the 
petroleum was admitted ran a spindle or small shaft, which 
was operated from the end by a small handle ; the top of 
this spindle filh^l the orifice at the mouth of the burner. 
When drawn back, an annular opening was shown, varying 
between 0 and 2 mm. Through this annular opening the 



Fio. 12. — ArraTigcnieiit of fire-box for 
Urquhart’s buraer. 
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petroleum passed into the furnace in the form of a hollow 
stream. Hie steam, led to the sprayer through a pipe, 
surrounded the oil chamber, heating the contents, and. 



Q 


Fia. 13. — D’Allcst’s buruer, using compressed air. 


escaping in a strciiin of cylindrical form, enclosed the 
petroleum, and rednccd it to spray, projecting it thus into 
the furnace, Tlie force of the tire was regulated by the 



Fio. 14.— Sectional vio^v.s of D’Allest’s burner for use on torpedo-boats. 

valve, which could be moved backwards or forwards, either 
diminishing or increasing the quantit^^ of hydroc‘.arlx)nB 
introduced into the furnace. D’Allest concluded, as the 
result of several experimental tests with oil- and coal-firing, 
that to evaporate the same (juantity pf water in a unit 
of time with the satne draught, the oil-lired boiler can be 
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20 per cent, smaller than the coal-burning boiler. Now, 
a still greater difference has been found in practice, caused 
by the fact that “ in Inwning coal there is introduced into 
the furnace a much greater quantify of air than is theo- 
retically necessary, ivhile with peirolreum, on the contrary, 
this quantity of air is reduced, on account of the intimate 
union of the comhust ibU and the supporter of eornbustimi,'' 
and on account of the uniform flow of the two, all which 
brings the combustion nearer the theoretical conditions. 



CHAPTER VI. 

STEAM-. A1R-, AND PRESSURE-JET BURNERS, ETC., 
USED IN LAND AND MARINE BOILERS. 

Since the year 1883 the progi‘es8 of oil aw fuel has been 
more rapid than in its previous history, and has been due 
mainly to the greater attention paid to the engineering 
problems connected w^ith its use, and to a recognition of 
the difficulties which had to be removed in order to obtain 
a good combustion and to prevent the deposition of carbon 
in the tubes and other parts of the boiler. It was further 
recognised that the burner is not the only important con- 
sideration in the burning of fuel oil, and that the arrange- 
ment of the furnace itself meant either a proper utilisation 
of the heat generated or a waste of energy and money. 

It was about this time tliat the late Mr eTames Holden 
turned his attention to the use of liquid fuel for steam - 
raising, the first kind of fuel employed being the waste 
tar obtained from the oil ga^j works at Stratford, for which 
he devised a special spraying apparatus, that could be 
indeptmdent of any extra bHckwork, and be also available 
for use in conjunction with coal, and ultimately introduced 
a system by which it l)ecame possible to fire a boiler either 
with coal alone, as ordinarily used, with coal and oil com- 
bined, or witli oil alone. Such an arrangement, of course, 
possesses a great advantage, for many purposes, over those 
where special treatment of the furnactes is inquired, for, as 
the ordinary grate remains, steam can he raised with wood 
or coal, when for any reason, such as a prohibitive price, 
as now obtaining, for instance, oil may be undesirable. 

The earlier form of Holden burner — devised more pai-tic- 
ularly for locomotive work and again referred to in the 

65 5 
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chapter dealing with liquid fuel on railways— consists, 
primarily, of a coned body AA (fig. 15), to the interior 
of which the oil fuel is admitted through a specially 
designed regulating valve BB. Inside the body m annular 
steam jet D is inSoduced, possessing a central passage for 



assisting in the supply of air, and also for enabling a wire 
to be passed through the burner without shutting off either 
oil or steam. At the front, immediately behind the nozzle, 
a hollow ring CC is attached, and to this steam is admitted 
and allowed to escape from six very fine jet apertures. The 
main requirement fulfilled by this steam ring is that the 
jets induce a strong current of atmospheric air, which is 
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carried forward and mixed with tlie spray as it emerges 
from the nozzle, ensuring complete combustion. The steam 
supplied to the ring is copveyed through a branch from a 
sumll regulating valve attached to the rear of the burner. 



Fjo. 3 r»A.— General view of Holden oil injector. 


SO that only one pipe is required from the boiler ; the small 
jets ill the front of the ring are at such angles as have been 
found to most thoroughly split up tlie oil. 

The valve BB used for regulating the flow of the oil 
fuel is of special construction, and in the Holden burner 
a small reservoir of oil is formed by the body of the valve, 
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ft tube with ft slit in it -being moved up and down inside. 
With this valve very fine adjustments in the flow of the oil 
fuel are possible. ^ 

In the case of the burners aoapted to staticpiary boilei’s 
the main supply of fuel is firat ixdmitted by turning the 
wheel F. Should an increased quantity be retpiired, it is 
provided by opening the valve actuated by the wheel E, 
and as the fuel issues from the hole on the top of the nozzle 
it is atomised by the steam from the ring and centre cones. 
By this arrangement a larger portion of oil fuel can be 
injected, sprayed, and atomised without increased con- 



« w 

j SUccnv 


Fio. 1(5 —Explanatory diagram of Holden st^jaui-jet burner. 

sumption of steam. The steam supply to the ring on the 
injector is regulated by the small cock G. 

In the latest form of the Holden steam-jet burner, 
illustrated by fig. 17,^ the spray is projected from a series 
of holes (I arranged at a slight angle, so that tlie streams 
of atomised mixture shall converge as shown at y after 
leaving the mixing chamber. Instead of the outer per- 
forated nozzle ring C as used heretofore (figs. 15-16), steam 
in the improved burner is projected from a series of holes 
e from a chamber limited in width to that of the mixing 
chamber, and is supplied by a pipe t from the main supply 
entering at s; the oil, which enters under slight pressure 
along the pipe jt>, is controlled by a screwdown valve v and 
wheel r, in its passage to the base of the outer cone n, along 
which it is drawn by an annular steam jet supplied at 

^ Engineering Heview. 
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about 60 lbs. pressure to the inner cone k ; this steam jet 
also induces a jet of air from a by way of the central tube, 
from which, and the general construction, it will be seen 



that this burner is an inside mixer and belongs to the 
injector class — is, tlie oil and atomising agent meet inside 
the burner, and the oil is induced by the steam. 

Of burners that have been specially devised for boiler 
work, there is a great variety of forms of each of the three 


Fig. 17. — Elevation, sectional, and plan views of the latest form of the Holden steam-jet burner. 
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principal types, known as steam-jet, air-jet, and pressure jet 
Durners; to which may be added such otlier variants of these 
types as burners in which both steam and compressed air are 
used for atomising the fuel, and burners in which compressed 
air is used in combination with a mechanical or pressure 
feed. Of these, all but pressure-jet burners (which, by the 
way, are always outside mixing) may be constructed for the 
ofl to be atomised either before or after it leaves the burner, 

Buimers may be further characterised as atomising 
when the oil is swept from the nozzle by a steam or air jet ; 
as chamber j when the oil mingles with steam or air within 
the burner and the mixture issuing from the nozzle is 
broken into minute particles by the expansion of the steam ; 
as droolhig, when the oil oozes out on to either a steam or 
air jet; as injector, when the oil is induced, by either a 
steam or air blast ; and as pressure spraying, when the oil 
is atomised by mechanical means and without the use of a 
steam or compressed-air blast. 

As now more generally practised, the use of steam-jet 
burners is confined principally to stationary and locomotive 
boilers ; air-jet burners to melting furnaces, owing to their 
higher temperature; and pressure-jet burners ^ marine 
boilers. The two more important features that should be 
embodied in all burners, for whatever purpose required, 
are : (1) easy method of installation ; and (2) a construction 
that facilitates speedy in.spection, cleaning, and renewal of 
such parts as may be subject to wear. 

In describing first a few typical examples of steam-jet 
burners, and taking these in the order named : — That known 
as the “ Best ” may be cited as one of the most extensively 
used of the atomising class. In this burner {vide fig. 18, 
and figs. 91-93) the steam meets the oil at right angles from 
a narrow slot-shaped nozzle, thus atomising externally ; 
this burner is principally used on locomotives and is further 
described in Chapter X. Another of this class is the Frugoni 
burner (used on the U.8.A, battlesiiip Delaware ) ; in this, as 
will be seen by the illustration^ (fig. 19), the construction 
is very similar, the spraying being external through slot 
nozzles arranged at right angles. Others of the outside 
atomising class that may be mentioned are the Korting 
^ The Engineer, 
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steam-jet burner ; the Rockwell; the Oil City Boiler Works 
(%. 55); and the Rusden-Eeles, which is a burner formerly 
largely employed on the vessels of the Shell line of steamers ; 
in this (vide fig. 20), the oil is heated in a tubular chamber 



Fio. 1 S. —Section of locomotive ty|)e steamget burner (Best). 


jacketed on both sides, and as the burner — which is of the 
external mixing type — is constructed to allow of separate 
adjustment of the steam and oil jets, the consumption of 
the fuel can be easily controlled to suit running conditions. 



ou 

Fio, 19.— Frugoiii steam-jet burner. 


A steam-jet burner is also used by the Anglo-American 
Oil Co. at their refinery works, Purfleet, known as 
Winters’, which is not dissimilar to the one just described, 
only diftering, in fact, in the manner of regulating the feed 
of the oil, which is eftected by a simple form of pin valve. 
The burner is of unusual length and steam -ja(?keted, the 
s^ani being superheated to a high degree by moans of a 
pipe^ passing through the furnace. The flame impinges on 
a brick baffle 18 inches square, situated 3 feet in from the 
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burner and about half the height of the furnace. Besides 
these, there are the Bellon and Waure steam atomiser 
burners, now being tried on the Paris, Lyons, and Medi- 
teiTanean railway engines. Of these, the former has a 
central oil nozzle, and the jet is atomised by an annular 
steam jet : in the latter the oil nozzle isf annular, the jet 
being atomised by a central steam jet. 

Of steam -jet burners of the chamber class, the Hammel 



Fig. 20. — Rusdcn and Eelcs^ burner. 


is perhaps the moat widely used. This burner, as will 
gathered from the illustrations, figs. 21 and 21a, is of the 
type also known as an hiside mirer — i.c, the steam jet 
is brought into contact with the oil jet inside the burner. 
In form, this burner resembles to a cei'biiii extent the 
“Best” (vide figs. 18, and 92-03), in that the jet is pro- 
jected in a thin horizontal stream from a narrow slot- 
shaped nozzle, but differs from the slot burner illustrated 
in the manner of its operation, e.g. the oil enters at A and 
flows through B into a mixing or atomising charnlKn* C, 
situated above the steam jet. After flowing through F and 
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E, the steam impinges on the oil contained in tlie mixing 
chamber C, from three small slots 0, H, and L The mixing 
chamber is fan-shaped, and consequently causes the jet to 
spread o\'er a considerable area. This bunier is also con- 
structed with renewable liner plates KK, and is therefore 
adapted for oils containing grit and other matter in suspen- 
sion without being filtered ; the renewable plates constitute 
a practiciil if simple improvement, but, apart from this con- 


A -OrifitMS for oil-Bujiply pipe. 
B^^Oritlce for Bteani'HUppl.v jiipe. 
C-‘- Mixing or atomising chamber. 
l)=:Oii inlet duct, 

S=^£<iual]8ing steam chamber. 

.Steam entrance. 

G, H, I Steam ducts, 

JsrSet screw holding plate, 
Kr^llemoTablv steel plates. 

Xs Bye-pass or blow-out valve. 




Fio. 21,“]fuminel fiteam jet burner. 


sideratioii, steam at high velocity is well known to cause 
considerable wear on the surfaces in contact. The Haininel 
burner is usuall}' arranged at the front end of the fire-box, 
as sliown in fig. 21 a, in order to project the fiame at first 
away from the boiler tubes, by whicli means the flame can 
be projected on to a fire-brick lined wall at the front, tlius 
enabling combustion to be complete before contact with 
the boiler tnbe.s, and for the burners to be an*anged lower 
down, but is obviously not adaptable for all oil-burning 
systems, nor indeed for any other than a sieain-jct bimier 
of special construction; tliis method, however, has been 
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adopted for locomotiveR by the Southern Pacilic Railway 
(viae figs. 93 and 97). When fitted up on the Hammel oil- 
burning system, as shown, some surprising results have 
been obtained — e>g, with a 600 h.p, Stirling boiler, rates 
of evaporation equalling from 14*25 to 1 5*3 lbs. per pound 
of oil from and at 212° F. have been obtained, which 



Fio. 21a. — Generttl arrangement of the Hammel oil>burning apparatus applied 
to a Stirling boiler, with insets showing sections of one of the two steam- 
jet burners used. 

is much in advance of the usual performance of a steam- 
jet burner. But whether these results are due to the 
particular disposition of the burners is not clear, as the 
burners are capable of atomising the oil with a very low 
percentage of steam, judging from the results obtained in 
a series of tests carried out by Prof, Cory, of the University 
of California, ranging, in fact, not higher than from 
2*1 per cent, to 2*7 per cent, of the water evaporated — viz. 
228,097 and 149,581 lbs. respectively on Los Angeles oil 
(having a specific gravity of 0*977 at 60° F., and contain- 
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ing from 0*4 to 0*8 per cent, of moisture), which, as fired, 
equalled 16,586 lbs. and 10,577 lbs. respectively. However, 
it may be found that firing forward from the bridge may 
be more favourable to this form of boiler than others, as it 
allows an unusually large combustion space, and for the air 
to be raised to a considerable temperature on its passage 
along under the fire floor. It may be stated also that the 
oil was fed to the boilers under an average pressure of 
37 lbs. per square inch, and at a temperature of 140° F. ; 



Fjg. 22. — Improved Little Gittiit steam-jet oil burner. 


its thermal value as fired being 18,280 B.T.U. per lb., which, 
corrected for moisture, equals 18,353 B.T.U. per lb. of fuel. 

Of the several other steam-jet burners of the chamber 
class, one known as the "Little Giant’* {vide fig. 22), 
and, in common with others of this class, inside mixing, 
sprays from a double long slot with sharp edges. In this 
burner the oil pipe is surrounded by steam which enters 
the mixing chamber at the nozzle end, both oil and steam 
are regulated by ordinary valves ^ a third valve being 
provided for clearing the oil passages from time to time. 
The Texas burner (fig. 23) is provided with a simple slot 
nozzle to give a fan-shaped flame, adjustable in thickness 
by a set-screw. The oil is carried forward by steam to 
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which a rotary motion is imparted by a short helix ; the 
mixture then jmsses along a comparatively large mixing 
chamber containing for a part of its length a spiral. In the 
Schurs burner (fig. 24) — also used for melting furnaces and 
the like— there are two atomising points ; the first, a, breaks 



up the oil and steam into a fine spray, which, after travers- 
ing the vaporising chamber is caused to issue from a 
nozzle c, and in so doing to induce a restricted flow of air 
from the orifices d. In another of this class, and known 
as the Wilton, the oil is regulated by a drip feed to a cup, 



Fio. 24 —Schurs steam get oil burner. 


and is carried forwani by a small steam jet along a jacketed 
mixing chamber (provided with a helix) to a comparatively 
large nozzle, around which is located a second narrow 
annular nozzle for a further supply of steam, a peculiarity 
of this burner being its quiet acition. 

The next class of steam-jet burners to be considered is 
one charactei ised as drooling \ in these the oil oozes, drools, 



STEAM-, AIR*, AND PRESSURE-JET BURNERS, ETC. 77 


or drips from an orifice on tx) a steam jet and is carried by 
it into the furnace. Under this category may be included 
the burner illustrated by fig. 25, devised by Mr H. G. 
Ganatt for use on the Lima Railways, Peru, which is 
interesting in that it is readily detachable, so that, in 
the event of the supplies of oil failing, coal can be used. 
In this system — again referred to in Chapter X. — the 
burner is fixed behind a hole in a plate covering the fire- 
door opening. The spray is induced by an annular jet of 
steam at B, which is controlled by sliding lengthways the 
sleeve A; this burner is therefore an inside mixer. The 



oil is fed into a chamber C, of such a size aiid design as to 
Im; pnu?tically unehokable ; the feed falls on to the combined 
steam and air jet D, the air entering by the series of small 
holes K. At F the atomised oil is mixed with a further 
supply of air, and at B with a thii-d supply of air, which 
produces a colourless exhaust at the funnel. 

In the Peabody burner, another of this class, but outside 
mixing, a fan-slniped flame is produced. The illustration, 
fig. 26, .shows tliis in some detail, including an oil strainer, 
bye-pass for blowing out oil passages, jacketed oil pipe, and 
removable burner tip. This tip or nozzle contains two very 
naiTow slots separated by a diaphragm, the lo^ve^ slot for 
steam and the upper slot for oil, which falls at right angles 
uj)on the steam jet. It will be noU^d that the nozzle is 
held in position between the jaws of the burner tip by a 




known as the Gilbert, is also of very similar construction, 
but more particularly adapted for metallurgical furnaces. 

The Scarab burner also belongs to the drooling class, 
the oil in this being fed on to a Hat spreader, whence it is 
carried forward and atomised by a blast of steam. 

In burners of the injector class, the oil and steam or 



first of its kind — is still the most generally used* In its 
earlier form, this is descinlxsd in Chapter V. (fig. 11), and in 
later forms is again referred to in its application to loco- 
motive boilers (vide figs. 88 and 89, Chapter X.). 

As will be seen from the illustrations, figs. 27 and 28, 
which represent two of the many modifications used by 
Urquhart on the South Russia Railways, the burners in 
important respects resemble Holden’s, in that both use a 
central steam jet and an annular oil |et, but differ from 
the latter in having an induced air supply surrounding 
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the oil jet in phico of a socond annular series of steam jets, 
as used by Holden. In the iinjuoved Ur(|uhart burner 
(fig. 28) the oil is lieated before spraying, and is surrounded 
by only one air cone. 

In both designs the steam nozzle is adjustable laterally 
by a worm gear to regulate the fuel supply, the steam for 
the jet being controlled by an ordinary stop valve. 

In tig. 29, a Kerniode burner of the injector type is shown 
specially adapted for being worked by steam, the necessary 
air being induced and the oil fed by giavitation, as in 
the hot-air -jet system of this make. The manner of 
its application to "a stationary water-tube boiler (Stirling 



Fig. 29. —Kcrmode, 8team*jet burner. 


type) is illustrated by fig. 29 a, in which it will be seen that 
there are two burners for each furnace. 

In the Kermode steam-jet burner the oil enters the 
burner through the branch 1>, and has a whirling motion 
given to it by the prolonged spiral stem of the valve spindle 
G, the amount of oil being governed by the hand-whe(d N 
at the end of the spindle A. The steam enters at C around 
the hollow cone H and passes through slots in the cylindrical 
portion of this cone, wliere it fits the inside of the hollo'w 
air-cone F. It will be seen that in this way the whole of 
the oil passing through the burner is steam-jacketed. The 
air-cone F is also fitted with spiral guides, and the air is 
drawn past these guides through the openings D by the 
inductive action of the steam. The amount of air passing 
may be regulated by means of the movable pet*forated 
strap E. On the front portion of the burner is the part 
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Fig. 29 a.— S tirling boiler, shown fitted with oil-burning apparatus on the Kermode steam-jet system. 
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luarked F, wliicli is so arranged that it can be screwed in 
or out as a whole, being turned by the spider M. When 
moved, it ciirries wiili it the cone F, and in so doing 
regulates the space between this and the oil-cone H for the 
escape of the steam. As the range of adjustment is large, 
the same burner may be used for different powers within 
wide limits. When the burner is started, the steam opening 



n 



Figs. 30 and 31.— Sections oftlie Kirkwood and U«.iieschoir steam-jet 
burners. 


is first adjusted by trial, which is done by unscrewing the 
front of the burner, so that the space between the cone H 
and that marked F allows the minimum amount of steam 
required for pulverisation to pass through. The amount 
of opening for induced air is retidily determined by the 
cliaracter of the flame and the sound of the fire when in 
operation. The flame should be transparent and of an 
intense white colour, or approaching pink when using light 
ills. The steam-jet burner may be operated by means 
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of stcain or air, and in the case of this burner, as well 
as that of the air-jet burner, no alteration of the furna(?e, 
as arranged for coal, 
is necessary. When 
oil is to be the only 
fuel used, however, 
there is no object in 
fitting fire-bars, and 
a suitable arrange- 
ment of brickwork is 
provided. Kennode 
steam-jet burners are 
also adaptable for 
utilising as fuel the 
by-product (tar) from 
Mond-gas plant, for 
the boilers which 
supply the necessary 
steam ; the erjui valent 
evaporation from and 
at 212*" F. obtained 
averaging 14’()5 lbs. 
of water per pound 
of tar burnt. 

Other steam - jet 
burners of the in- 
jector type are the 
Kirkwood, illustrated 
by fig. 30, in which 
l)oth the oil and steam 
valves seat at the 
nozzle end of the 
burner, and equipped 
with indexes con- Fio. 32. — Oixlc’s steam- and air-jet burner, 

veniently indicating 

the amount of oil and steam turned on ; the Herreschoff, 
which resembles to a certain extent the Urquhart, in the 
arrangement of the nozzle cones, difiedng only, in fact, 
as shown in the section fig. 31, in the use of a central 
spindle for regulating the steam supply. Under the in- 
jector class of burners there may also be included the 
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Orde combined air- and steam-jefc burner described below, 
and the Reed air- and steam-jet burner (Hg. 57) described 
in the following chapter. 

In the Orde combined air- and steam-jet burners as 
fitted by the Armstrong- Whitworth Co. for steam raising 
and other purposes (vide figs. 32’-38), oil is supplied under 
pressure through the upper of three pipe connections; 
steam, superheated to 600° F., through the middle connec- 
tion ; and heated air at atmospheric pressure b}^ the lower 
connection. 

In the more recent design of the Orde combined steam- 
and air-jet burner (vide fig. 83), the form and disposition 
of the nozzle is slightly changed; there is also, it will be 
noticed, the addition of a branch (t) for the purpose of l)eing 
able to utilise steam pressure to blow through the oil 
service pipe after closing down, that any obstruction or 
deposit that may have lodged might be cleared out. As in 
the earlier design, the annular steam jet in this burner is 
controlled by a rotary movement of the hollow valve (t>), 
and that of the oil — which is preferably heated and supplied 
under pressure — is controlled in a similar manner by a 
movement of the needle valve (n). During some experi- 
mental tests made with this burner at Walker Shipyai’d 
some time ago, data as follows were obtained by Mr E. L. 
Orde, with a stokehold pressure limited to 4 indies of 
water : — 


Lbs. of water evaporated ])er lb. of oil and at 100* C. . , 13*8 

Lbs. of water evaporated per square foot of heating surface . 11 *64 

Lbs. of oil burned per hour per cubic foot of net furnafe space . 187 

Air pressure in stokehold 2" to 4“ 

Smoke on Iliiigelman’s scale 0 to ^ 


The boiler (vide fig. 33a) upon wliich those experiments 
were carried out was of a modified Yarrow type, the fire- 
bars being kept in place and covered with broken fii*e-bi*ick 
to a depth of some 2 to 3 inches. N.B . — The temperature 
of the furnace seldom exceeded 1100“ C. at the front and 
1000° C. at the back of the boiler. 

The main object in this burner is to obtain smokeless 
combustion with a heavy rate of oil feed. This is sought 
by mingling the oil spray with an air supply before it 
reaches the nozzle, and to force it with a high velocity so 




Flu. 33.--Orde improved steam- and air-jet burner. 
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as to prevent the jet lighting back, and also to compel the 
flame to traverse the furnace space against deteirent air 
currents supplied at the sides of the combustion chamber, 
and through a layer of refractory material covering the 
fire-bars. The disposition of the cone supplying the steam 
jet is such as to sweep out and spray the oil at a very high 



Fig. 33a. —Arrangement of Orde oil-burning apparatus applied to a Yarrow 
water- tube ty|>e boiler. 

velocity, thus inducing a considerable current of hot air, 
which ensures instant ignition of the outer layers of the 
jet and consequent increase of temperature over the whole 
flame. 

Air-Jet Burners. 

The great advantage of steam-jet burners is their sim- 
plicity, but as, at their best, they require from 2 to 4 per 
cent, of the steam ev^orated for atomising purposes, and 
as their evaporative efficiency is seldom higher than 14 lbs. 
of water per pound of fuel oil, as against from 15 to 16 lbs. 
with air- and pressure-jet burners, they are obviously not 
so well favoured for large boiler installations, and are now, 
in fact, considered to be totally unsuitable for use at sea, 
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owing to the large amount of make-up water required. 
Air-jet burners are capable of developing a higher flame 
temperature than steam-jet burners, and for this reason are 
particularly adapted for metallurgical work of all kinds 
{vide Chapter XII.). 

Air-jet burners are also extensively used for steam rais- 
ing, both on land and marine installations, but principally 
for the latter. 

Of these, the Grundel burner — also referred to in 
Chapter IX. — is one of the first to be used at sea, and may 
be described as follows : In this burner {vide fig. 34) the 
oil, which is heated by a steam coil with live steam, passes 



through the inside pipe and is diffused radially through a 
series of small holes. The air, first heated by compression 
up to 20 lbs., is further heated to a temperature of about 
SSO"* F. in the air chamber surrounding the burner, called 
tlie air superheater. Air (^.n also be used at the temperature 
at which it leaves the compressor. The air supply at about 
SSC" F., and at a pressure of about 20 lbs., surrounds the 
oil pipe in the burner and passes axially along the pipe 
until near the end, where it has a whirling motion by being 
caused to flow through small helical passages arranged like 
the rifling of a gun. It crosses axially, and, whirling through 
the fine oil streams spurting radially from the end of the 
burner, breaks up the oil into fine spray. A further air 
supply (cold) is Emitted through tfie hinged door of the 
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ash-pan, and is directed up across tlje path of the flame and 
heated by a curved fii-e-brick wall built in the ash-pan close 
to tlie front. 

The principal diflSculties at first encountered with this 
burner were in the regulation of the supply of oil to the 
heaters by the pump, and the consequent variation of the 
temperature of the heated oil, and the freedom of flow 
through the burners. When the oil is heated too high 
(above ISC'* F.), some of the volatile gases are given off 
and mingle with the air pressing on top of the oil in the 
heater, and thence flow with the air into the air super- 
heaters and burners, vrith the result that a heater may get 
overheated by pre-ignition from this cause. 

The superior economy of burners capable of effecting 
complete combustion without the use of steam as the 
atomising agent are obvious, as steam, having a higher 
specific heat value than air, not only absorbs a greater 
amount of heat, but, being a non -supporter of combustion, 
has exactly the same effect on evaporative efficiency as the 
supply of an excess volume of air. It is, of course, un- 
necessary to add that for sea-going conditions the waste 
of a weight of steam equal to 2 to 4 per cent., and in some 
bad cases even as much as 8 per cent., of that used for 
power, as required to break up the oil when fed under 
gravitation pressure only and without compressed air, is 
a great drawback, seeing that all this steam must be made 
good from fresh-water evaporators. 

But as to the superiority of the air-jet over the pressure- 
jet burner, when applied for steam raising under equallj^ 
good conditions, the difference, one way or the other, is not 
very great, and, judging by the significant fact that l)ot}i 
systems are in use in the British Navy, aiiguns but little 
superiority of economy of the air-jet burner ove,r that of 
the pressure-jet ; and what little there is may l)e offset by 
the greater space occupied by the compressing plant for the 
former, than by the oil pump and heater necessary for the 
latter. Accordingly, in order to meet all conditions of work- 
ing, including the ever-present bias of the engineer, Mr 
Kermode, for one, supplies burners constructed to operate 
upon either system. 

In fig. 35 is shown a section of this make of burner 



STEAM-, AlJt-, AND PKESSURE-.TET BURNERS, ETC. 89 


arranged to be worked by an air jet, in which oil enters 
by gravitation by the inlet A, and is regulated by the 
spindle valve D. The supply of compressed air previously 
heated enters at B and C, that entering at C mixing with 
the oil spray controlled by E. The air can be regulat(?d at 
two points, one by the pinion L, which moves the internal 
tube over the oil nozzle, and the other by the second pinion 
M, which adjusts the opening of the outer tube or sleeve 
against the casing J. A general arrangement of three pairs 
of burners of this make is shown applied to a water-tube 
boiler (fig. 85a) arranged for coal- or oil-firing, the burners 
being fixed to tlic fire-doors and provided with swivel con- 
nections for the oil and air supplies. 



The La.s8oe, shown in fig. 86, is another very success- 
ful type of air-atomising burner, but in thi.s case the air 
pressure is very low, only about 1 J lbs. per square inch, and 
the atomising is accomplished by a sorie,s of small spirally 
drilled holes, about § inch diameter, which seein to have 
a marked effect in producing a short flame. The oil supply 
is delivered through an orifice about lialf the diameter of 
the air holes, and is delivered under a pressure of about 
15 lbs. Steam can be used witli this burner, but low 
pressure is preferred. 

The air pre.ssure is supplied from a rotary blower, and the 
oil from a pump, this being regulated by a pin valve, the 
position of which in later designs is adjusted against an 
indexed dial and pointer. This burner js used on steamers 
plying between the western coast of America and Japan, 
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and has woi-ked satisfacitorily for several years with the 
thick asphaltuiii oils as obtained from the Californian fields. 




Fjg, 35a. — B abcock and Wilcox water txibe boiler, arranged for oil-burning 
on the Keimode air-jet system. 


An air-jet burner of somewhat similar construction, and 
used in the tests made by the U.S.A. Liquid Fuel Board, is 
illustrated in Chapter VII.; this, known as the Oil City 
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Boiler Works air-jefc burner {vide fig. 54), is arranged with 
cone seated valves for the air as well as the oil supply. In 



Fig. 86. — Lassoe air-jet burner. 


addition to the foregoing, other air -jet burners, such as the 
Brett, Hovcler, and Stackhard, described in Chapter XII., 
are applicable for boiler work. 


Pressure-Jet Burners. 

For oil-firing on the pressure-jet system, this is supplied 
to the burner at a temperature of al)out 200°, and at a 
pressure of about 100 lbs. per inch, both varying according 
to the viscosity and flash point of the oil used. The 



Fig. 37. — Diagram of Eorting pressure-jet burner. 


Korting burner (fig. 87) is probably the first to work 
successfully on the pressure-jet system, i.e. by the simple 
method in vMiich tbe pulverisation of the fuel is direct, the 
oil being forced merely by pressure through the burner. 
The oil IS first heated to a temperature of 130* C., and then 
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is forced through the burner under a pressure of 60 Ihs. or 
so. The oil is pumped into a chamber feeding the jet, and 
this jet is, as will be seen from the 'accompanying sketch, 
fixed to a spindle carrying a spiral screw, Tl)e oil is forced 
down this spiral, acquiring a vortex movement, which 
sprays it out of the jet in a very finely divided state, and 
of sufficient intensity to make it fly into spray by centri- 
fugal force as soon as it issues from the nozzle, this action 
being materially aided by reason of the oil issuing at a 
temperature above the boiling point. 



Fig. 38.-- Korting pressure-jet burner fitted to Lancasliire boiler. 


The action of the K5rting pressure-jet burner, as illus- 
trated in the sectional view, fig. 38, shows clearly the 
centrifugal effect resulting from the rotary movement 
imparted to the spray, this vortex action having a far 
greater effect with pressure-jet burners than with either 
the air- or steam-jet variety. In this burner air induced by 
the spraying of the oil jet from the burner (Z) is drawn 
through openings fL), which can be regulated by a rotary 
movement of the slide (R). A fire-clay lining (B) is fitted 
to protect the furnace front from the heat of the flame. 

Another and more modified design of burner is the 
Swensson (fig. 39). The fuel in this burner is forced 
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through a minute orifice, and is thereby divided into a 
finely divided spray by striking against a cutter placed at 
a sliort distance from the orifice ; the cutter 
has a diamond form, and by this means breaks 
up the spray in a very satisfactory manner, 
under suitable conditions of pressure and tem- 
pei*ature. It will be seen that in the construc- 
tion of this burner, true alignment of the 
spray valve is assured by arranging for this 
to be separate from the feed adjustment 
spindle, the valve itself being short and held 
in a guide extending to nearly its full length ; 
also to ensure nicety of adjustment and to 
^ prevent the point and the spray aperture from 
being damaged by too great a pressure from 
the feed spindle, the valve is provided with 
a shoulder; it also has a spring to cause it 
move away from its seat in exact accord with 
the outward movement of the feed spindle. 

In the Meyer pressure-jet system so exten- 
sively used for burn- 
ing oil, each furnace 
is until quite recently 
fitted with a quad- 
ruple nest of pres- 
sure-jet burners, as 
shown in fig. 40, each 
furnace being pro- 
vided with a distri- 
buting box having 
four atomisers r*, and 
four nozzle chambers 
b. Each burner (v ide 
fig. 40 a), consists of 
Fio. 39 — Sweiis- an atomiser pressed 
»ito position in the 

jei Iier. ^ spring « 40. -Plan view in part aec- 

- - 1*1 ^ 3 tion of quadiTiple set of Meyer 

and t‘nd cap c, and is also provided preasure-jet burners. 

at its end with a series of coarse 

threads by which the oil under pressure is widely diffused in 
the furnace. The fuel for the four jets is regulated by the 
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stop-valve r, and any excess delivered by the pninp is dis- 
charged througli a spring-pressed byerpass valve back to the 
suction heater, so that the stokehold regulation can be 
carried out without reference to the speed of the pumps, 
although naturally this latter is regulated under running 
conditions just above the maximum demand for the sake 
of economy. In connection with this system, duplicate 
force pumps are used for supplying the several burners of 
a battery of boilers with heated oil, the circulation of oil 
from the steam heaters and filters to the burner casings 
being continuous. As with most oil burning systems, there 
is in this connection a special form of furnace front (vide 
figs. 62-64 and 65, Chapter VIII.). 



Fig. 40a.— jMeyor pressm*t*-jei burner as nia<k by Smith’s Dock Co. 
for natural draught. 


In connection with oil -firing on the pressure-jet system, 
the modified form of ** closed end” furnace illustrated by 
tig. 41 will be seen to contain some points of iiitci*est. In 
this oil-burning furnace — known as the Schutte-Kfirting, 
U.S.A. — the construction follows the Howden principle of 
enclosing the firing end and providing an air regulator 
which may be used for natural draught, as induced by the 
difierence in temperature of the air in the stokehold from 
the escaping gases at the funnel top, or is equally well 
adapted for furnace draught supplied under pressure, the 
volume of air supplied to the furnace being rcgulatable by 
a slide register V in connection with the handle E, to suit 
varying conditions of firing. The burners used are optirated 
on theprtjsHure system similarly in manner to that adopted 
in the Meyer burner just described {vide fig. 40 a), but differs 
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in that each nozzle is provided with a separate regulating 
valve E shown in tig. 41, and to there being a removable 
filter ciige F (fig. 42) 

on each burner for the r — ^ 

purpose of arresting j f 

any solids that may / \ 

escape being held up . ■■■■■ — 

by the suction an<i pres- ® ^ 

sure filter boxes used ^ IT 

in connection with the ^ m 

fuel pump. The fuel, ^ g 

as in otlier pressure -jet ^ « 

oil-burning systems, ^ .5 

heated in two stages ^ ? 

to about 260* F., which P , ^ S 

is, of course, above 

the boiling point; but, W ^ 

owing to the pressure 

on the heated oil, ovapo- * i 

ration isprevcnted until — ***^^ '*^" | 

it issues in the form J 1 ^ 

of a spray from the ^ ^ \ 

burner nozzle. The oil ? 

is forced through acorn- ^oi^; 

paratively restricted S 


aperture at the apex of 
the nozzle under a pres- 
sure of some 100 lbs. 
per square inch, with 
a . cyclonic movement 
derived from the helix 
V, formed on the burner 
stem, which is lield U[) 
to its work at a pre- 
determined distance by 
the spring B. A cock 
C is provided on each 
oil-supply pipe for the 



c 


purpose of clearing each burner nozzle from accumulated 
obstruction, the viodm omramli bein^ to first close the oil 
cock B, then turn on a blast of steam by opening C; in 
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acldition to which eitlicr the diffusing stem or filter cage 
of ejicli burner can be readily taken out for inspection or 
cleaning by removing the plugs G and A. To further 
facilitate which process, the hinged door li carrying the 
burners can be swung back on the closed cliamber T pro- 
vided for the air intake. 

In order to compel the air admitted by the regulator V 
to press on to the oil jet etjiially all round, a fire-brick 
throat or choke ring F (tig. 41) of eonsidm-ablo sectional 
area is fixed just in front of the furnace front, which it 
serves as a protection from some of the heat radiated out- 
wards; it at the same time heats the ingoing air, thus 



promoting combustion, the intensity of which can be 
inspected by a sliding observation door A fitted witli a 
mica pane. 

One of the greatest advances in the adaptation of tlie 
pressure-oil principle has been made by The Wallsend 
Slipway and Engineering Co., for this firm, after an 
extensive experience with burners of various types— in- 
cludiiig both steam and air — have been able to obtain a 
higher degree of economy, combined wdth a smokeless com- 
bustion, witli a burner in which licated oil is supplied at a 
high pressure, than with either a steam- or air- jet burner. 

The Wallsend burner, as will be seen by the illustration 
(fig. 43), in part resembles that of the original of this 
type. There is, however, a great diflcrenee in the 
results obtained, but due more to the disposition of the 




Fio. 43. — Sectional view of Wallsend pressure-jet fuel-oil burner. 


from which the spray of heated oil issues in the form of a 
conoidal column of large diameter, and is capable of burn- 
ing, in one burner, oil at the rate of from 400 to 500 lbs. 
per hour. As in most burners having a ct^ntral pin-valve 
regulator, the spray column is caused to acquire a rotary 
movement by means of a helix h on the valve stem r, 
the resulting centrifugal effect materially assisting in the 
widely conoidal diffusion obtained. The illustration (tig. 
44) explains the manner of applying burners of this make 
to a battery of Clarke-Chapman stationary water-tube 




Fig, 44.— Two of a battery of five Clarke-Chapman water- tube boilere (stationary type), with furnaoes arranged for 

firing on the Wallsend oil-burning system. 
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boilers; the method of applying the Wallsend burner 
and air intake to the cylindrical furnace of shell boilers 
arranged for working natural draught, and on the Howden 
system of forced draught, is fully illustrated by figs. 
66-67, Chapter VIII., and as applied to water-tube boilers 
of the marine type, in figs. 81-82, Chapter IX. 

In Kermode's la^st type of burner (pressure-jet system), 
as specially designed for naval and other vessels, either 
forced or induced draught is recommended. Referring to 
the illustrations, fig. 45, it will be seen that the oil enters 
the burner through the channel marked A on the diagrams, 
and passes between the outer wall of the burner marked D 
and the inner cylinder marked B, which abuts against the 
cap nut E. 

The end of the cylinder B is an exact and true fit for 
the outer body D at the end where it abuts against the cap 
nut E. A series of grooves are cut in the plug end of B 
parallel to the centre line of the burner, and similar grooves 
are cut in the face of the plug B at right angles to the axis 
ot the buT-ner. These grooves are sliown in the view 
marked H, and it will be seen that they are tangential to 
the cone end of the spindle C, which serves to contract 
or enlarge the opening through the cap nut E. The 
movement of C is indicated on the gi*aduated wheel 
marked F. 

In this burner the oil fuel is pulverised very completely 
by bcung forced througli a restrictfid opening with a rotary 
motion, which the tangential gnx)ves in the face of the 
plug end of B imparts to it, and it is distributed in the 
form of a cone by means of the reaction or deflection 
wliich is set up by the oil fuel impinging on the cone end 
of the spindle C. 

The fixed pointer marked G serves to indicate the degree 
to which th(} wheel F (which is fixed on the spindle C) has 
been rotated, either to increase or to diminish the opening 
through the cap nut E. As in other burners of the 
pressure-jet type, the oil, after being heated and carefully 
tilterod, is atomised mcxdianically ; the arrangement of the 
pumps, heaters, filters, etc., used on this system is illustrated 
by fig. 83, Chapter IX. 

In response to the increasing demand for both land and 




Fia. d5. — Kermodo prossure.-jet burner. 


Co., who have adopted a form of burner working on 
the pressure-jet system, the arrangement varying some- 
what according to type of Ijoiler, but is fairly represented 
by that shown in fig. 40. A feature in the Moore & 
Scott Iron Works, U.S.A., pressure-jet burner {vide fig. 
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75) is its adaption for a slight variation in the spraying 
angle while in use. In the Mejaui pressure-jet burner 
(Italy) there ai*e three jets, each supplied from a spiral 
The burner made by the Thornycyoft Co. 
(^vide tJg. 47) is also of the pressure-jet type; this burner 
is fitted on to a special form of furnace front sliown 
in fig. 80, Chapter IX., and is principally supplied for use 
in naval vessels. It should also be mentioned here that 
the Yarrow Co. are now fitting their boilers with a 
pressure-jet type of burner of their own design. 



Fig. 47. — ^Thornycroft pressure burner. 


With all pressure-jet burners, howevtT, after prolonged 
use, wdietlier constructed for spraying heated oil in its 
liquid state oi* as a vapour, there is always associated a 
more or less tendency for the nozzle to choke up ; some- 
times caused by carbonisation due to the nozzle b<.ung in 
too close contact with the flame, and sometimes from grit 
and other solids carried over from the filters; and in 
vapour burners from carbonisation taking place in an ovet- 
heated vaporiser. 

The remedy for this fault in a pressure-jet burner, when 
using properly filtered and heated' fuel oil of any gT*ado — 
from crude to creosote — it is true, does not impose a very 
gi*eat obstacle to its usefulness, there being gemnally an 
attendant on watch (as in the case of an installation of oil- 
burning apparatus on a bjittery of boilers) to observe any 
' fluctuation that may take place in the flame intensity of any 
one of the burners in any particular furnace. In one form 
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of burner widely used, all that is necessary is simply to 
slacken back moinentaiily the feed screw actuating the 
diffusing cone ; in another the remedy consists in tempor- 
arily turning off the fuel supply and blowing clear with a 
steam blast. Nevertheless, if from any cause frequent 
clearing is required, then the resulting necessity for re- 
adjustment in the one case, and the change over from oil 
feed to a steam blast in the other, cannot otlier than be 
considered as a contributory cause of some inefficiency. 



Fio. 48. — Pressurn-jot burner, with automatic com pensatiug action. 


In the endeavour to eliminate this inherent drawback 
associated with the burning of oil fuel for steam-generating 
purposes on the pressure-jet system, the writer has designed 
the burner illustrated in fig. 48. In the construction and 
mamier of working of this burner there will be noted one 
essential which differentiates it from all others, viz., in tliat 
the ditfusiiig cone n is not held rigidly at a fixed distance 
from the nozzle aperture, but Is lield up to its work by a 
spring u against tht^ pressure feed acting on tlie area of 
the stem i. There is the usual helix h close up to the 
ditiusing cone to impart a cyclonic movement to the 
issuing spray. 

The stem t of the ditiusing cone is formed to slide freely 
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within an elongated guide d, but is of a sufficiently close 
at to prevent oil under pressure at the nozzle end from 
oscaping* to the chamber d which is not under pressure ; 
however, the rear end of the movable stem i is conrujcted 
by the pipe v so as to be placed in communication with 
either the suction end of the pump or with the supply 
tank, in order to return any oil that may leak past the 
movable plunger stem. 

As the diffusing cone n is held up to the nozzle aperture 
by the spring g against the resistance of the pressure feed, 
it operates with a floating movement which can be regulat(?d 
with the utmost nicety by the regulator screw r to obtain 
the desired spraying effect, which, after once being ascer- 
tained for any pressure or grade of oil, can afterwards be 
determined in an exact and convenient manner by the 
position of the disc pointer along the index dial x. 

In action any tendency for the accumulation of material 
that can obstruct the free passages of the liquid tlirougli 
the annular opening permitted by the endways position of 
the cone n behind the nozzle aperture naturally results in 
an increased pressure in the fuel supply, and hence it follows 
that the stem t is forced back from its normal position to 
a degree depending on the extent of the obstruction, and 
by thus momentarily enlarging the area of the jet annulus 
until the obstruction is cleared away, enables the burner to 
again adjust itself automatically for the production of a 
uniform spray so long as fed under constant pressure. 

Recognising this advantage of being able to maintain a 
perfectly clear oil- way in the nozzle aperture of the burner 
and of preventing any obstruction that may result from dis- 
placed accretion in the supply pipe, despite the most careful 
attention to flltering apparatus provid(*d in duplicate sets, 
Smith’s Dock Co. of I^ortb Shields — who have had a very 
extensive experience with oil-burning on the “Meijer" 
system — ^are now supplying burners provided with a 
supplementary filtering cage. In this it will be noted that 
the atomiser vstem of the burner {vide fig. 40a) is held at 
a fixed distance from the spray orifice, and thus does not 
lend itself for being freed from obstruction by screwing 
back the feed regulator, the clearing method hitherto 
adopted being to blow through wdUi a steam blast from 
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time to time. This method, however, requires extra piping 
and stop valves, and for this reason the Schutte-Korting 
Co. of America, who also make a modified form of Meijer 
burner {mde figs, 42 and 79), have for some time adoptca a 
supplementary filter. 

In the improved burners now being supplied by Smith \s 
Dock Co. {vide figs. 49, 50, and 50a) the filter cage m is 
entirely self-contained in each burner, and consists of either 
a perforated ferrule around which, as shown in figs. 49 and 
50a, is wrapped a covering of gauze; or, as shown in fig. 
50, a thimble is used, having the gauze screen fitted inside. 
In either construction the filter cage can be quickly removed 



Fig, 49. — Middleuiiss jiressure-jet burner made by Smith’s Dock Co. 
for natural draught. 


for cleaning by removing the cap e. In each of these 
burners a modified adaptation of the centrifugal principle 
has been adopted foi* spraying the oil, that in the Middle- 
miss burner (iig. 49) consisting of an atomiser regulator 
at the nozzle end of which is cut a fine adjustment thread, 
across wliich is cut a double lead coarse thread t for the oil 
f'H)d ; while in the Thompson burners (figs. 50 and 50a) the 
atomising cone v is held at a fixed distance from the spray 
orifice, wliich in eacli of the three forms of burners is simply 
a recessed hole from 2 to 3 mm. diameter drilled in the 
head of a steel nozzle cap n ; the other parts of the burners, 
including the barrel 5, are brass. Tlie atomising cone in 
the Thompson burners is hollow and divided by a partition ; 
this atomiser is held up—at lui oil-tiglit fit — to the iiozz](‘ 
cap n, either by aspring a* or by difierential expansions of 
ditferent metals as in fig. 50, The oil, lifter passing through 
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the filter m, first issues from the feed end of the cone, 
througli a series of holes ty to the annular space formed 
between the nozzle cap and the atomiser, wlmnce tlie oil is 
forced through a second series of smaller holes drilled 
tangentially and in the direction of the deflecting cone; 
the oil is thus for a given pressure caused to acquire a 
greater swirl velocity, by reason of tlie reduced resistance 
to flow, than can be obtained by a thread channel at the 



Figs, 50 and 50 a. — Tlioinnsoii j»n*ssiiiv.'jet Luithms as made by Smith’s 
Dock Co. 


en<l of the atomiser stem as more generally used. Some 
very satisfactory results have been obtained with these 
burners in connection with a modifled form of furnace 
front known as the “ Meyer-Smith ” (vide fig. 65, Chaiiter 
VIII.). 

A very interesting pressure-jet burner of American origin, 
known as Whitevs (fig. 51), has recently been taken up on the 
River Tyne by tlie ilrigham Cowan Co. According to this 
system the burner is siirrouiided by a perforat(;d air pipe <<, 
terminating with a bell mouth / to j ust l>eyorul the burner 
nozzle. In this, the atouiiser cone ii, wliich is held up to 
the nozzle by a stiff spring, bus a series of four oil grooves 
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I cut across tlie parallel portion of its surface, the grooves 
being continued in a tangential direction across the coned 
part of the atomiser to a circular groove just in lino with 
the spray orifice, which, by tlje way, is of an unusually 
large diameter. The endeavour in this, *is in all pressure- 
jet burners, is to obtain a maximum swirl effect with a 
minimum pressure, and indeed a pressure as low as 10 to 
15 lbs. can be used, which is an advantage in starting up all 
cold. More than usual importance is attached to means for 
thorough heating and accitt*ate regulation of the air supply 
on this system {vifle figs. 70-77 a), and judging by results 
obtained with the comparatively turbid Californian and 



Fj<;. 51. — White patent pressure-jet burner.' 


Mexican oils — particulars included in Chapter VIII. — ^the 
high temperature and close regulation of the air supply 
have considerable influence on the economy obtainable 
with oil-ffring on this system. 

Vapour Burners. 

There is one oil-firing system adapted for burning the 
heavier grades of liquid fuel in the form of vapour gener- 
ated from a heated retort, but is little used, although the 
retort method is commonly adopted for heating stoves, 
portable furnaces, and iov small steam generators of the 
automobile type ; such burners, however < known as blow- 
flame), are. only adapted for the various brands of refined 
illuminating oils of the paraffin (kerost^ne) grade, and are 
fully described in Chapters XI. and XIll. 

' As used on the AqaiianUi, 
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According to the Diirr vapour burner system {vide fig. 52), 
t])e oil is supplied by air pressure through a heated retort, 
in which it is vaporised, and the vapour is then gasified in 
a chamber located in the mouth of the furnace. In connec- 
tion with this system there are two oil tanks for gasifying 
the oil ; the smaller of these is heated by means of a blow- 
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Fio. 52. — Arrangomeiit of Durr vai)Our biirncT. 

flame, and as soon as the oil which it contains is sufficiently 
heated to generate vapour, this vapour is ignited and serves 
to licat the large gasifier, the vapour from which is burnt 
in the furnace of the boiler. It is only fair to add that 
as soon as the flame is thorougldy well established, the 
temperature inside the outer casing of the larger of the two 
gasifiers is sufficient to maintain the vaporising process. 

TJiere is yet to be described the Prockter system, in 
which the oil is first heated and then supplied past a float 
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re^^ulated valve to a chamber containing a drum rotated at 
a high speed. Air is drawn through perforations in the. 
periphery and caused to mix with oil thown off by centri- 
fugal effect, the mixture thus formed being drawn through 
a fan and forced direct to the furnace. 

In this chapter it has been the endeavour to describe 
representative types of burners operating under the several 
systems that have survived the test of actual use. All, 
excepting two, are essentially spray atomisers, in which 
the atomising agent is supplied either by : — (1) steam, as 
in the Urquhart, Holden, Rusden, Orde, Hammel, Pealx>dy, 
Best, Schurs, and other burners; (2) compresed air, as 
in the Grundel, Laasoe, Kermode, and others; (3) heated 
oil under pressure without either steam or coinprcissed 
air (Avhich type of burner has recently received consider- 
able attention), makes of which are the Sweiisson, JVIeyer- 
Sinith, Kermode, Schutte-Kdrting, Thomycroft, Wallsend, 
White, and others, these representing the three most suc- 
cessful tj'pes of burners, known res})ectively as (1) .steam- 
jet, (2) air-jet, and (3) pressure-jet; other air-jet and vapour 
burners not already described are referred to in succeeding 
chapters. ' 

III this connection, as with developments in other 
directions, it cannot be said that absolute perfection has 
been yet attained, though great advance has been made 
con, sidering the obvious difficulty of devising an apparatus 
which is capable of dividing into a fine spray a material so 
thick and viscous as fuel oil. In tlie successful application 
of this improved method of firing it is becoming more and 
more apparent that multiplicity of auxiliary apparatus 
and extraneous sources of heat should be avoided, and the 
furnaces made as far as practicable self-contained. Further, 
it would seem from the number of appai*atus in which oil 
with a varying degree of efficiency can be burnt, that 
ultimately there wdll be evolved a greater diflerentiation 
in the form of the lioiler itself, in order that the fullest 
advantage may be obtained under the new conditions of 
firing. 



CHAPTER VII. 

THE RELATIVE ADVANTAGES OF STEAM, COM- 
PRESSED AIR, AND MECHANICAL ACTION AS 
AN ATOMISING AGENT FOR LIQUID -FUEL 
BURNERS. 

In the endeavour to ascertain the relative values of coin- 
pressed air and steam, as atomising agents for tlie use of 
liquid fuel for steam-raising purposes, the Unit/ed States 
Naval Authorities, as far back as 1(K)2, appMuted a board 
of experts to carry out an exhaustive series of tests, 
detailed particulars of which are appended at the end 
of this chapter. The report of this, tlie ‘^Liquid Fuel 
Board,” extends to considerable length, but concludes 
with a very interesting commentary and summary of 
results, as follows: — 

1. As the (question of supply of fresh water is very 
important at sea, the use of steam should be obviait;d as 
far as possible. On the other hand, air compressors are 
heavy and take up considerable room. As air compressors, 
however, arc used for many purposes on Ix^ard ship, it 
might be possible to have a central plant for all purposes. 
It is also important to know to what extent it will be 
necessary to superheat tlie steam in c«‘ise it is used as the 
atomising agent. 

2. There is a wide divergence of opinion as to the 
pressures at which oil, steam, and air should be delivered 
to the burners. Progressive., tests may afford valuable 
information upon this point. 

3. The design of the steam generator. As the experi- 
mental boiler now iit use by the Liquid Fuel Board (fig. 53) 
is of the water-tube type, it will be possible to extend the 
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Fig, 53. — Hoheustein experimental boiler plant, used by U.S. Navy Board for liquid-fdel tests. 
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length of the furnace anfl make other changes which will 
give important information as to whetlior or not it would 
be advisable to dcjsign a special form of marine boiler for 
oil-fuel installation. 

4. The simplest and most economical means of heating 
the air and the oil. In view of the result of the present 
experiments and of the information obtained from outside 
sources, tliere is no doubt that tlie air should be heated ; 
and it would seem that, particularly in a wattu’-tube boiler, 
such heating could be effected in a simple and cheap manner 
by utilising the heat i*adiated to the ash-pit. 

5. As to the value or necessity of an air receiver when 
cornprosvsed air is used as the atomising medium ? Also, can 
the pulsations of tlie compressor be reduced or minimised 
by inst/alling such an intermediate receiver Ixitween the 
compressor and the burner ? 

G. Experiments could be made concerning the baffling 
of the gases, for the tests ali’cady conducted show that 
the calorimeter area can be somewhat reduced wlien 
using oil. 

7. The relative value of leading types of burners. 
Particularly is it necessary to know whether a simple 
burner should be installed and provision made for heating 
the air, or whetlier an appliance should be installed which 
partly gasifies the oil before ignition. TJiere are on file in 
this Bureau over a thousand drawings and specifications 
pertaining to the use of li<juid fuel, and new patents aiv 
continually being issued. In view, therefore, of sucli 
widespread interest in the subject, the Board deems it 
important to test representative types of the various classes 
of burners. 

8. The problem as to whether the oil could be consumed 
under all conditions without producing smoke. In the 
naval service this is an important question. As there is 
also a tendency to compel manufacturers to take means to 
prevent smoke issuing from the stacks of their plants, the 
question also concerns tlie general public. 

The burner shown in lig. 54 is an air-jet burner of the Oil 
City Boiler Works, and was used during the seven general 
tests that were conducted to show, among other things, 
whether or not it would be possible to secure a greater 



Fio. 65.— Oil City Boiler Works’ steam-jet burner. 


burner. Considering the 'burners as arranged in pairs, 
tiiose of each pair were inclined toward each other at an 
angle such that their flame impinged near the transverse 
centre line of the furnace. ‘ 
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Anothet' burner vfied by the Board was the Hayes. The 
construction of this burner is shown in 56 , and the 
manner of its installation in fig. 56 a. Part of the air 
supply is introduced at the sides of the fui-nace near the 
back wall. It then passes througli lieating pipes AA to 
the pipe B, the latter extending across tlie furnace just 
inside the front wall. 

The burners project diametrically through the pipe B, 
and it is contended that the hot air in this pipe will cause 


Fia, 50. — -Tho Hayes steam-jet burner. 



the oil to be completely gasified before it escapes from the 
burner orifices. T/ie7^e w 7i-(> doubt that the heating of the 
air is a direct benefit. Careful and extended experiments 
will have to be made to show whether this heating could 
best be effected as in the Howden system of forced draught, 
or by a simple arrangement of pipes which receive the 
direct heat of the furnace. Tim experience of simply heat- 
ing the pipes during these tests would rather tend to show 
that this arrangement would not have much endurance. 
The edges of the holes in the pipe B were found somewhat 
burned upon completion of the official test. If such impair- 
ment could occur after the pipe had been in actual service 
about twenty hours, it is probable that very little endurance 
can be expected of such an installation under forced-draught 
conditions. 

On the point of the requisite amount of steam for 


Fig. 56 a. — H ayes buruers and furnace aiTaiigonient. 
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atomising the oil, the Board made some special experi- 
ments. The boiler used was of the cylindrical return-tul)e 
type, with two plain cylindrical furnaces. This boiler is 
piped to furnisJi steam for the oil burners, and has no 
other steam pipe leading from it. 

Tlie opening from the safety valve was blanked. This 
boiler is fitted with tw'O oil bunieis of Oil City Boiler 
Works' design in each funiace, these burners using air for 
atomising purposes. After steam was raised one burner in 
one furnace was found sufficient to keep the steam pressure 
uniform. 

The boiler w^as put in thorough order at the Navy Yard, 
New York, and carefully made tight at 100 lbs. pressure. 
During the oil-burning test great care was taken to keep 
both the water level and the steam pre.ysures in this boiler 
uniform. The water used was carefully ascertained in a 
separate wa^ighing apparatus. 

Tlie pressure foj* atomising purposes, as well as the 
pi-essure at which tlie oil was forced to the burner, was 
increased each day. It w^as found that the higher the 
pressure the greater tlie aiiioiirit of w^atcr that was evapo- 
rated. The efficiency w^as also slightly greater as higlier 
pressures were u.sed. Thejyercnilaijc, of steam required for 
atomwing the oil, however, also slightly hurreased as the 
2 >ressnre rose. 

During tliese tests deflectors wore placed in the ash-pan 
openings, so as to cause the air to be draw’ll! uj) near the 
burners, thus effi^cting combustion near the front of the 
furujice. The average percentagt^ of steam re»|uired for 
atomising purpases was alx)ut per cent of the entire 
evajKtrat am. 

The Rood combined air and steam burner, fig, 57, was 
also experimented with, but the resiilfca were not satis- 
factory. The amount of steam consumed in S 2 >raying tlie 
oil was excessive, being alx)ut 1 lb. of stc*am per pound of 
oil. The conclusion arrived at was that the comhined use 
of air and steam in burners is undes^irahle. 

There is, continues the report, quite a widespread irds- 
concxiption regarding the part that the steam used for 
atomising purposes effecting combustion. Tt is 

sux)po8ed by many that after atomising tlie oil the steam is 
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decomposed, and that the hydrogen and carbon are again 
united, thus producing heat and adding to the heat value 
of the fuel. While it may be true that the presence of 
steam may change the character and sequence of the 
chemical reaction, and result in the production of a higher 
temperature at some part of the flame, such an advantage 
will be offset by lower temperatures elsewhere between the 
grate and the base of the stack. All steam that enters the 
furnace vriU, if combustion is complete^ pass up the stack 
as steamy also carrying with it a certain quantity of waste 
heat The amount of this waste heat will depend upon tlie 
amount of steam and its temperature at entrance of the 
furnace. The quantity of available heat, measured in 



thermal units, is undoubtedly diminished by the introduc- 
tion of steam. In an efficient hoilery it is quantity of heat 
rather than intensity that is wanted. For many manu- 
facturing purposes intensity of heat may be of primary 
importance, but in a marine steam generator a local intense 
heat is objectionable on other grounds than those of 
economy, vw., its liability to cause leaky tubes and seams 
from the une(iual expansion of heating surfaces. 

It is believed that expert engineers will be able to make 
important deductions from the trustworthy data that have 
been so carefully collected. The tables should be carefully 
studied in connection with the information secured during 
the coal tests, and the Board enjoins tliat the two reports 
be studied together. 

The following facts have undoubtedly been proved : — 

(a) That oil can be burned in a very uniform manner. 
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(h) That the evaporative efficiency of nearly every kind 
of oil per pound of combustible is approximately tlie same. 
Wliile the crude oil may be rich in hydrocarlxms, it also 
contains sulphur, so that, after refining, the distilled oil has 
probably the same calorific value as the crude product. 

(r?) That a marine steam generator can be forced to even 
as liigh a degree with oil as with coal. 

(d) That up to the present time no ill effects have been 
shown upon the boiler. 

(e) That the firemen are disposed to favour oil, and 
therefore no impediment will be met in this respect. 

(f) l^’hat the air requisite for combustion sliould be 
heated if possible before entering the furnace. Such action 
undoubtedly assists the gasification of the oil product. 

Qj) That the oil should be heated, so that it could be 
atomised more readily. 

(h) Tliat when using steam, higher pressures are un- 
doubtedly more advantiigeous than lower pressures for 
atomising the oil. 

(i) That under heavy forced-draught conditions, and 
particularly when steam is used, the Board has not yet 
found it possible to prevent smoke from issuing from the 
stack, although all connected with the tests made special 
efforts to secure complete combustion. Particularly for 
naval purposes is it desirable that the smoke nuisance be 
eradicated, in order that the presence of a warship might 
not be detected from this cause. As there has been a 
tendency of late years to force the boilers of industrial 
plants, the inability to prevent the smoke nuisance under 
forced-draught conditions may have an important influence 
upon the increased use of licjuid fuel. 

(j) That the consumption of liquid fuel cannot probably 
be forced to as great an extent with steam as the atomising 
agent as when compressed air is used for this purpose. 
This is probably due to the fact that the air used for 
atomising purposes, after entering the furnace, supplies 
oxygen for the combustible, while in the case of steam the 
rarefied vapour simply displaces air that is needed to 
complete combustion. 

(k) That the efficiency of oil-fuel plants will he greally 
dependent upon the general character of the i/nstallation of 
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auxili^a/ries amd fittings, and therefore the work shmdd mily 
he entrusted to those who have given careful study the 
'tnatter, a^id ivho have had extended experience in burning 
the crude product. The form of the burner will play a 
very small part in increasing the use of crude petroleum. 
The method and character of the installation will count for 
much; but where burners arc simple in design and are 
constructed in accordance with scientific principles, there 
will be very little difference in their efficiency. Uonsuiners 
should principally see that they do not purchase appliances 
that have been untried, and have been designed by persons 
who have had but limited experience in operating oil 
devices. 

The burner used in the first eight series of tests was an 
air-jet burner (fig. 54), supplied by the Oil City Boiler 
Works ; the burner for the ninth test was a Hayes steam - 
jet burner, fig. 5G ; for tests ten to twelve inclusive, an Oil 
City steam-jet burner was used, fig. 55 ; and for tests 
thirteen and fourteen, a combined steam- and air-jet Reed 
burner was used, fig. 57. 


Results of Expi^rimental Trials with Oil Fuel by the 
U.S.A. Liquid Fuel Board. 


No. 

of 

'JVial. 

Total 

Pouiiils Peed 
Water. 

Pounda 
Steam for 
Burners. 

Mois- 
ture 
(per 
cent ). 

T(f?al 

Pounds Oil 
Burned. 

Pounds 
Feed 
per lb. 
Oil. 

Bvnporation 
from and 
at 212*. 

Cub. ft. 
Air per 
lb. Oil. 

1 

117,976 

2,820 

1*7 

10, .584 

11*1.5 

12*70 

34*3 

2 

96,928 

8,770 

2-0 

9,180 

10 ’,56 

12*18 

87-4 

8 

78,000 

827 

1-6 

6,122 

12-74 

14*43 

62*8 

4 

88,604 

2,550 

19 

8,602 

10 ‘30 

11*73 

36-7 

6 

ri 8,. f »29 

1,153 

1*4 

4,668 

12 54 

14*22 

70*0 

6 

1,192.482 

18,240 

1-5 

96,517 

12*36 

14*12 

.55-4 

7 

104,631 

7,800 

0*5 

9,089 

11 ’.52 

13-29 

78-3 

8 

92,997 

8,950 

. 1-2 

9.9 i ^9 

9*39 

10*77 

36 0 

9 

43,761 

2,524 

0*9 

3,600 

12’16 

13*89 

... 

10 

80,791 

3,412 

0*5 

7,360 

11 *65 

13*47 


11 

96,469 

4,2.52 

0*6 

8,2.57 

11*68 

13*45 

... 

12 

105,047 

6,305 

0’5 

8,974 

11*77 

13*58 

... 

13 

90,605 

8,166 

0*4 

7,692 

12*43 

14*36 

81-4 

14 

112,115 

0,838 

02 

9,216 

V 

12*17 

14*06 

78-0 
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In the Grundel burner (fig. 58) the oil, heated by a steam 
coil with live steam, passes through the inside pipe and 
is diffused radially through a aeries of small holes. The 
air, first heated by compression up to 30 lbs., is further 
heated to a temperature of about 350° F. in the air chamber 
surrounding the burner, called the air super-heater. Air 
can also be used at the temperature at which it leaves 


acr 



Fio. 58. — Grundel combined air- and pressure>jet burner 


the compressor — i.e, 260° F. The air supply at about 
350® F., and at a pressure of about 30 lbs., surrounds the 
oil pipe in the burner and passes axially along the pipe 
until near the end, where it has a whirling motion by being 
caused to flow through small helical passages arranged 
like the rifling of a gun. It crosses axially, and whirling 
through the fine oil streams spurting radially from the end 
of the burner, breaks up the oil into fine spray. A further 
air supply (cold) is admitted through the hinged door of 
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the ash-pan, and is directed up across the path of the ilaine 
and heated by a curved fire-brick wall built in the ash-pan 
close to the front, as shown in fig. 59. 

The principal difiSculties encountered with this burner 
were in the regulation of the supply of oil to the heaters 
by the pump, and the consequent variation of the tempera- 
ture of the heated oil, and the freedom of flow through the 
burners. When the oil is heated too high (a])Ove 150° F.), 
some of the volatile gases are given ofi* and mingle with the 
air pressing on top of the oil in the heater, and thence flow 



Fig. 59. — Arraiigemont of oil-fuei I’uriiace with Gruudel burner. 

with the air into the air superheaters and burners, with 
the result that a lieater may get overheated by pre-ignition 
from this cause. 

It is well for the usefulness of oil fuel in its application 
to steam raising that, since the foregoing trials were carried 
out, great improvements have been made in the construc- 
tion both of burners and furnaces, with the result tliat 
tlie evaporative efficiency of oil has been raised from a 
maximum o£ 12-14 lbs. to 15*5-16*6 ll)s. of water from 
and at 212° F. Oil fuel, which lias a theoretical calorific 
value of 19,820 Britisli tliermal units per pound, is capable 
of evaporating 20 lbs. of water from and at 212° F. 
(tlieoretically) for every pound of oil consumed, and if the 
air-jet system is used, from 15*5 to 16*5 lbs. of water can 
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be evaporated per pound of oil consumed under practical 
working conditions. Tliat is to 8 a 3 ^ from 78 per cent, to 
83 per cent, of the theoretical value of the oil fuel is 
recovered for useful work. 

One of the best collections of data on the subject of oil- 
burning is contained in the August 1911 Proceedings of 
the A,E,M,E.,ivom which the following is an abstract: — 
In order that liquid fuel of low flash point may be burned 
with complete combustion, it is necessary that it be eitlier 
gasified or injected in the form of a spray into the furnace 
of the boiler; and if into a furnace arranged for coal- 
flring — i.e. one not enclosed by a fire-brick lining by which 
it becomes highly heated, the oil must be injected in a 
very finely divided spray composed of very fine particles. 
If the furnace is short, the oil particles will have a 
relatively short time for combustion, and consequently 
will require to be more efficiently atomised. As most of 
the oils used for fuel are of a heavy and viscous nature, 
preheating conduces to more perfect combustion in all 
types of burners, but especially in those in which tlm oil 
is atomised without the aid of a compressed air or steam 
jet. The following are some data as to the amount of 
steam required for atomising fuel oil in boiler furnaces, as 
obtained from various sources : — 


Case 1. — Steam supplied to burner j>er lb. of oil . . , , 0*537 

Actual evaporation jMjr lb. of oil 13*48 

Vercentagc 4 *0 

2. —Steam supplied to burners per hour , . , 4373*0 

Actual evaporation per hour ...... 98881 *0 

Percentage 4 *5 

Steam per lb. of oil for atomisation .... 0*529 

3. — Steam supplied to burners per hour .... 7087*0 

Actual evaporation per hour . .... 174820*0 

Percentage 4 *0 

Steam per lb. of oil for atomisation .... 0*485 

Ctise — Steam supplied to burners per hour .... 5746*0 

Actual evaporation per hour . . . . . .144079*0 

Peicentage 4*0 

Steam per lb. of oil for atomisation . . . 0*475 

Case 5. — Steam used was iiieasiiroil by use of separate boiler. 

Oil used 341“ Baum. 

Total evapoi-ation per lb. of oil from and at 212® . . 14 *99 

Percentage steam evaporated, used by burner . . 7 *4 

Case 6.-“ Steam used was measured by calibrated nozzle. 

Total evaporation ])er lb. of oil from and at 212® , , 14*7 

Percentage steam CTapomted, used by burner . . . 2*5 
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Com T.-— Steam used was measured by calibrated nozzle. 

Total evaporation per lb. of oil from and at 212* . . 14*2 

Percentage steam evaporated, used by burner , 3*6 

Case 8, — Steam used was measured by use of separate boiler. 

Total evaporation }>er lb. of oil from and at 212* . . 15’2 

* Percentage steam evaporated, used by burner . . . 2*96 

Uflfae 9, — Evaporation per lb. of oil (18,700 B.T.U. value) from 

boiling point 15*5 


Percentage of steam evaporated, used by burner (Hammel ) 2-6 

From tests made under the direction of the Bureau of 
Steam Engineering in 1902, the following data are taken: 
Four tests were made, using steam as the atomising medium. 
The percentage of total evaporation used by the burners 
ranged from 3*98 to 5*77 per cent. A number of tests made 
under Stirling water-tube boilers gave results ranging from 
2*1 to 3*42 per cent. 

From the above data and general practice and experience, 
the following statement can be made : — In designing a plant 
it is entirely safe to assume 4 per cent, of the evaporation 
of the boilers for steam supply for burners. In operation, 
if the amount is greater than 3 per cent., it may be con- 
cluded that the condition can be bettered. 

According to Durand, who estimates with a consump- 
tion of 0*4 Jb. of steam per pound of oil — which is a fairly 
representative figure for the amount of steam required — 
the work equivalent of the steam-jet atomiser process, ex- 
pended in work done on the oil, should develop from 28,000 
to 32,000 foot-lbs. of energy, assuming this amount of steam 
to be used with a reasonable nozzle efiiciency, and under 
the conditions of, say, 90 lbs. initial pressure absolute and 15 
terminal. This figure is impressive. It is probable that, 
due to wire drawing and inefficiency in the nozzle, the 
t*,mount of work actually utilised is less than this figure. 
In any event, however, the price paid for the prepai-ation 
and introduction of the oil into the furnace is a very lieavy 
one, and the question not unnaturally arises as to whether 
or not this can be the ultimate method. ''May not some 
method he deveUyped, ineehanical or oilterwist', wif ich shall 
enable us to do the necessai'y amount of work on the oil 
without the hemry expenditure involved in the prese 7 it 
systems of steam or air atomisation 
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Data as to the amount of coiYViweifsed air used for 
atomising fuel oil: — 


Case 1. — Cubic feet air supplied per lb. of oil 60 

Pimsitre, j be. per square inch 18 

Air, temperature in * F. 200 

Oil, „ . . 100 

Cast' 2.— Cubic feet air siip]jUed per lb. of oil ... 36-60 

Pressure, lbs. i)er square inch 26-36 

Case 3. — Pressure, lbs. ])er square inch 20 

Air, temperature in ^ F . . 360 

Oil, 160 

Evaporation, lbs. water, from boilin." point . . 15-16 

Case 4. — Cubic feet air suppliwl per lb. of oil 60-70 

Air pressure, lbs. per square inch .... * 1*3-1 '6 

Oil „ „ ... ... 16-16 

Oil temperature, “ F 200 

Case 6. — Cubic feet air per lb. of oil 55-60 

Air pressure, lbs. per square inch 20-26 

Case 6. — Pressure of air, lbs. per square incli . . . 5-7 

Temperature of air, ® F. . . . , , , , 300 

Cubic feet air per lb. of oil 80-35 

Pressure of oil, head in feet 4-6 

Evaporation from boiling point 15*5-16‘5 


Data as to temperature and pressure used for atomising 
fuel oil mechanically : — 


Uawfc 1.— Temperature, * F . • . 200 

Pressure, lbs. per square inch , .... 120 

CW 2.- Temperature, ^ F. ........ 260 

Pressure, lbs. per square inch . . ... 100110 

Evaporation, lbs, from 212** 16*8 

CaseZ. — Temperature, “ F 155 

Pressure, lbs. per square inch 145 

Evaporation, lbs. from 212* 16-9 

Case^ — Temperature, ’ F 180 

Pressure, lbs. per square inch ... .,170 

Evaporation, lbs. from 212® 16*22 


From the foregoing it will be seen that a steam-jet 
burner re(|uires from 2 '5 to 3 percent, of the total evapora- 
tion for atomising the oil under the best conditions ; from 
3^ to 5 per cent, under average conditions; and from 
to 8 per cent, with unskilful adjustments. That compressed- 
air burners require from 3 to 6 per cent., or even higher, 
varying according to the efficiency of the compressor plant; 
so that in point of steam consumption for atomising 
purposes there is little advantage on either side, excepting 
when used with a condensing engine. With pressure-jet 
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burners, less steam is consumed for atoTtiising the oil : that 
for heating amounting to 0*3 to 0*5 per cent., and for 
forcing the oil, 0*4 to 0*6 of the total evaporation. 

In point of simplicity and cost of oil-burning plant, steam 
atomisation takes first place ; while the difference in cost 
and space occupied, for an air as against a mechanical 
atomisation plant, is not very great, the principal advantage 
of the latter being due to its superior economy and more 
reliable action ; a pressure-jet burner, while being quieter, 
is also capable of spraying quite 40 per cent, more oil than 
either a steam- or air-jet burner; and for these reasons 
has a further advantage, especially when used under 
forced draught. 

Disregarding const" uctional differences, cost of in.stalla- 
tion, and general working efficiencies of the three methods 
of oil-firing: — Pressure-jet apparatus rank first, with 
average evaporative efficiencies of 79 to 81*5 per cent, of 
the theoretical maximum ; hot-air-jet oil-burning apparatus 
second, with averag(^ efficiencies of 78 to 83 per cent. ; and 
steam-jet burners third, with average efficiencies ranging 
from 67 to 78 per cent. From which must be debited 
0*9 to 1*1 per cent, from the first for pumping and heating 
the oil ; from 3 to 5 per cent, from the second for driving 
the compressor; and from the third a like amount for 
atomising purposes. 


[TikBLB. 



Total 

Weight Foil. 


OIL FUEL. 


g S 
^ :s. 

— ' s 


Total Weight 
Burned. 


Burned 
per hour. 


I? 

•So* 43 U 

43 **^ 

S^." 

A A 

g di i-o fe 


I 1 I I t I ) f t 1 


Tnho 

Clininher. 


CvUhbuKtioti I 
t!h«nsl)or. 


^ Fire Room. 

£ I ! 

(2 "oil Spraying Air i 

^ PreRsure per 1 

.p stiuure ini'h, ^ 

"Z ! Oases at Base 

J £ I ofstiv ^k. i 

£ ! Air in Fire j 

5 « Room. 


Ileight of Water j 
in Oauge Glass. | 


00 i-t! = 00 » 0 »fti< 5 ‘ 6 *fti 0 
Ol <j 0 Ob « « 00 !» I;- !'• t» r- 
o' 


jti>-i«b-so«Ci-^w«eowcoect' 
n ;p f 1 M »i Cl Cl Cl Cl 

J 3 c 5 COW(»«OCOOSOW»TO«W 

I) O * o t- I 


'^c £ ®S*;'S 2 
o"! a 

af.i l^ltal 


-- - 

Quality of j 
Steam. | 

C199Cl'*li-9-1i99X<«'99eCM-fl 1 

'iO 50 W) Op 00 99 <« CO C* TO C/J CO 00 
3}Ciro0iO5<^01S9CiOl0SO5O> 

CJ 1 

« 

on 

9> 

a 

1 !i i 

Lower Tem- . 
jieratme. 

r/cir)ci-9-i'’-ii»-«ii99cimw-i' 

., ^ecwmwSeoSmmmwnc j 


1 a , 
1 ! 

Higher Tem- j 
Iierature. j 

(• • Cl 91 Cl Cl Cl C« Cl C Cl Cl Cl -I Cl 1 

0 5 - = 0 0 0 0 0 0 0 0 0 

: 


Teiijprrnturo of ' 
Feed Wa?«r. ! 


•Steam Presssure 
by Gauge, 


(b O Cl Cl O 00 O 99 Cl IM m r-t iS 
„ “M r- Cl Cl Cl Cl <N CJ Cl Cl Cl Cl 
o rH ,-1 ,-1 ..1 .H r-l 

SB lO >£ ic i-c i« .o .« «fs i<i lo in lO ift 

- r* 1 ^ i'* I- lo I « !•> t> 1 '. t'. [-< 
S J1 CM IN CI Cl C d Cl d d Cl CM Cl 


3* 58 p, . ^. . ® 2 . S. . 

■Jo do s *=^= ^-s o-s 

H ^ M ^ Pig Am Am Ag A 
-i-i^»^/-i»HeJcicoeo 4 i'«ko 


S ■c.gg-g^g 

iS •? o es ^'S*® 


11 ^ 

•PI lisSp 

5 es D « ® <43 

^•2-® 2=3-2 trSS 

B O n ^ S -iS*-* if 

S^C'eS®^ 

•s -O S 

pfcij43 

- ~*r 1 -is 2 a| » 

|§§E^S®-SSga 

s;«-,Cc: ©ibip:CJ3© 

- 4 - ® £ < 2 *^ s « I 

1 mfafixffCO 

g a £•;: = 

.Sc'«2"2« 

©^©wga®43<oS’3 

2’3 it's g*o 2 h s5 S 

•s-ig^ss^ss 

52 tC' *32 «o ,« -fc 

® S.==-s5*^ g g 
■3.,£a-si£Pegg 
5 * £ fl ^ 2 k ^ rt? 
..a ".D I'H ©■« " S § § 
-alii S 3:2 go’s sl 

- s-|se:§s|£«|s 

u'a«a.«g'rs2 

lliil^lilll 

^ 5 ! ^ 0 « 

- « c o 


will cause or prevent their formation. 




l^’o. 2 . — Test of Oil Fuel in a Hohenstein Water-tuue Marine Boiler, Junb 26, 1902. 
[Eight hours* duration with natural draught, using air burners.] 
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-Test of CiL Fuel im a Hohenstein Watee-tube Maktne Boiler, September 12, 1902. 
[Six hours’ duration -with natural draught, using “Hayes” steam burners,] 
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CHAPTER VIIL 

OIL FUEL FOR MARINE PURPOSES. 

During the last few years the application of oil fuel for 
marine purposes has received very considerable attention 
from all the leading countries of the world and now, on 
many of the more important lines, promises to supersede 
coal entirely. The original source of this application is no 
doubt the extensive use which oil fuel finds on the steamers 
of the Caspian Sea, and which began as far back as 1870, 
the burner employed being of the steam-jet type, and 
introduced by Spakovsky, who was the first to use steam 
as a pulverising agent. Later on, however, the Caspian 
Sea fleet was fitted with the Lenz burner (vide fig. 7). 
This was no doubt the starting-point of the fitting out with 
liquid-fuel burners of those vessels which have since been 
fitted for oil-buniing apparatus, including, in addition to 
the Shell Line Co.'’s fleet, the Netherland, the China Mutual, 
the East Asiatic Companies ; as well as many of the Anglo- 
American Oil Co., the Eagle Oil Transport Co., the Anglo- 
Saxon Petroleum Co., and soon after this many vessels 
belonging to several other lines specialising in oil-carrying 
and general cargo steamers were fitted with oil-burning 
apparatus, though none of these use it on so extensive 
a scale as the first-named company. The application of 
oil fuel to the marine services ofiers greater difficulties 
than its use in .stationary engines and locomotives, and 
consequently the experiments made in different parts of 
the world have been more varied, more especially as the 
conditions governing its use in the tJu'o branches of the 
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service, the mercantile and the naval, differ so considerably. 
The chief advantages, however, are common to both, and, 
as has already been pointed out, inclnde the great reduction 
of stokehold staff, ease and regularity of working, cleanli- 
ness, rapidity of loading up the supply of fuel, saving in 
space occupied by fuel, and augmented accommodation for 
cargo, passengers, or crew. Afeo with regard to the speed 
attained by a ship consuming liquid fuel in comparison 
with a coal -burning boat, it has been found that an 
appreciably better speed can be maintained by the oil- 
fired steamer. This is mainly attributable to the cleaning 
of fires being dispensed wdth, and that full steam pressure 
can be constantly maintained with oil fuel, the toilers 
being fired automatically ; whereas in coal-fired ships 
considerable difficulty is often experienced in keeping up 
a full head of steam, with a temperature in the stokehold 
often rising as high as lOO*" to 110^, or even 115" to 125" in 
the tropics. This is not due to a deterioration of boilers or 
machinery, or to the quality of the coal, but to a difficulty 
in getting the trimming and stoking done to the fullest 
capacity of the boilers. Such an obstacle would not be 
present in the case of liquid fuel being used. 

It was soon realised in the first attempts to use liquid 
fuel that it is not only the burner on which good and 
economical working is dependent, but also upon the 
arrangement of the furnacie itself {vide fig. 00). The 
difference between burning coal and using oil is that with 
the former it is possible to get a very extended heating 
effect, while the tendency with oil is to concentrate the 
heat too much. To overcome this difficulty, certain dis- 
positions of fire-brick in the furnace are made. Tlie special 
method adopted on the Cowrie, one of the first vessels of 
the Shell line to be fitted up for oil-burning, was as 
follows: — The column and bridge of fire-brick, which are 
usually placed above the centre of the grate, and under the 
arch, so as to break up the flame as it comes from the 
burner, was found to have one serious defect, in that, 
although it splits up part of the flame, it allows a consider- 
able portion to fly over the bridge in one unbroken iriass. 
To remedy this, the column of fire-brick supporting the 
bridge was extended to about the same height above, so 




Fio. 60 .— Arrangement of double-furnace marine boiler fitted for mixed oil- or coal-firing, and with set of four Holden 

steam-jet burners. 
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that the flame was split up, thereby diffusing the flame 
more equably. 

From the experiences gained in this boat, one of 
the difiiculties was the trouble of getting up steam from 
all cold, due to the tendency to steam too fast, as it 
is not easy to keep a small flame going, and the heat 
increases too suddenly. To obviate this the burner was 
ignited intermittently; that is to say, if you light up 
at 7 o’clock, shut off* at 7.30, at 8 o’clock light up again, 
shut off at 8.30, and continue this until the vessel is ready 
to start. 

Another point in cotinection with this method of oil- 
firing by steam -jet burners, was that for a higher 
economy something remained to be done in regard to 
the bxarner, in order to save the 4 or 5 tons of oil per 
day found necessary to provide the steam for pulverising 
the oil. 

An interesting comparison may here be made of the 
difference in consumption on this boat when burning oil, 
and on a previous trip while burning coal From Port 
Said the time occupied while burning liquid fuel was only 
14f days, whereas while burning coal the time occupied 
between Port Said and London was 16 days. The daily 
consumption of liquid fuel may be put at about 26 tons as 
compared with a consumption of from 30 to 32 tons of 
good Welsh coal. 

Other interesting pioneer results in connection with the 
mercantile service are provided by the record of experiments 
made on the Roumanian mail steamer Kirif/ CharUa I. 
towards the end of 1901. 

This ship plied between Constantza and Constantinople, 
and could carry 60 first, 60 second, 300 third class 
passengers, and 400 tons of merchandise. 


Length of steamer 3r>0 feet. 

Gross tonnage 2360 tons. 

Net tonnage 839 ,, 

Bunker capacity .... 400 ,, 

Maximum speed .... 19 knots. 

Total li.p. of engines (two vertical tripl 

expansion with surface condensers) 6500 i.li.p. 

Revolutions per minute ... 150 
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Heating surface of boilers (four boilers of 
maiine ty|)e, of which two are ordinary 
boilers with four furnaces and two 
double ones with eight furnaces each) . 5800 feet. 

Pressure of boilers • • . » . 12iatinos 

For the purpose of using the new fuel the vessel was 
fitted with all the necessary accessories. As a measure of 
prudence, during the experimental period of one and a half 
months oil fuel was only used under one boiler, the other 
continuing to burn coal. The oil was stored in the water- 
ballast tanks, the supply which the vessel could take in 
these tanks being 280 tons. A duplex pump served for 
raising the oil from these tanks into two elevated reservoirs 
installed above the boilers. From these reservoirs the oil 
flowed by gravitation to the injectors or pulverisers. In 
the tanks, as well as in the elevated reservoirs, the oil was 
heated by a steam coil. 

After the experiments with the one boiler were completed, 
all the boilers in the vessel were adapted for burning liquid 
fuel, since when nothing but petroleum residuals was burned. 
The internal arrangement of the furnaces was also modified 
after a while ; in these at the beginning the air required 
for combustion entered only from underneath the injector, 
and this was subsequently arranged for the air to enter the 
furnace partly from below the injector and partly through 
holes in the bottom, which separates the furnace from 
the chamber in the rear, air entering through these 
holes having the effect not only of completing the com- 
bustion, but also of beating back the flame, and in this 
manner while abating the speed of the flame, also modified 
its intensity. 

The writer of this record points out the following danger 
from carelessness of the crew in regard to closing the air 
valves when the furnace is not in use. When the fires are 
put out on the vessel arriving in port, if the valves for 
the admission of air into the furnaces are not closed 
hermetically, the cold air penetrates in large quantities 
into the furnace, and unequal contractions in the interior 
of the furnaces are caused, this producing leakages in 
the boiler flues. It is therefore necessary on the one 
hand that the stokers should alivays take care when 
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extinguishing the fires to close well the air admission 
valves in the furnaces. 

When coal was burned on this steamer there were three 
shifts of six stokers, or eighteen stokers in all ; but with 
liquid fuel only six stokers were required, and even these 
had but light work. 

With coal the consumption of fuel on the vessel was 
about 150 tons of Westphalian coal per voyage — that 
is, from Constantza to Constantinople and back, plus the 
consumption while in port; the consumption of oil fuel 
for the same trip being reduced to between 70 and 
80 tons. 

With the object of overcoming the difficulties consonant 
with the use of steam for pulverising purposes, the Meijer 
system of injecting the oil into the furnaces under pressure 
by a common steam or donkey pump was tried on a Dutch 
line of steamers, in which the exhaust steam of tlie pump 
is returned to the main condenser, thus avoiding the loss 
of fresh water. 

According to this system the oil on its way from the 
tanks to the donkey pump, and from there to the nozzles 
in the furnace fronts, is heated and filtered by the arrange- 
ment shown in fig. 61. 

In this, A is a valve box with suction pipes from the 
oil tanks and connections to pump the residuals from one 
tank to the other. 

B is a heating apparatus which heats the residue slightly 
by the exhaust steam of the donkey pump on its way to 
the condenser, thus rendering it more fluid. 

C is a filter for cleaning the residuals of dirt; 0^ is a 
reserve filter to be used while tlio filter C is cleaned ; L) is 
a donkey pump ; DMs a reserve donkey pump, to be used 
in case of repairs to pump D; E is a heating apparatus 
to heat the residuals to 200'' F. with the live steam on 
its way from the boiler to the donkey pump D; F is a 
pressure gauge, showing the pressure on the residuals ; G 
is a thermometer, showing the temperature of the residuals 
before they enter the furnace ; H is a spring-loaded escape 
valve, regulating the pressure on the oil. 

To bring ti)o residue to its proper temperature, before 
injecting into the furnaces, the hollow plug cocks J and N 
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FlG. 61. — Arrangement of heating, filtering, and pumping apparatus used on the Hklefjei' oil-firing system 
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are opened upwards, and the three-way hollow plug cock 
K opened to one of the pipes corning from the filters. The 
cock M is also opened, all stop valves on the injectors shut, 
and the donkey pump D or 1)^ started. 

This now draws the fuel from the valve box A, through 
the cock J, heater B, filter C or C^ and hollow plug cock 
K, and forces the residue through cock N to heater E, 
and from there through the delivery pipe, which is 
now in connection with the suction pipe through the 
cock M, thus circulating the fuel through the heaters 
and filter. 

As soon as the thermometer G shows the required 
temperature, about 200° F., the cock M is closed, and the 
stop valves on the injectors opened, the heated fuel now 
spraying into the furnaces, where it is ignited by a common 
torch. The small steam pipes O and serve to blow 
steam through the wire gauze invside the filters for cleaning 
purposes, the dirt being discharged through the drain cocks 
P and P^. 

In constructing the heating apparatus B and F great 
care must be taken to make the joints between oil and 
steam spaces in such a manner that no possibility exists 
for the residuals to leak into the latter, which might occur 
in the event of the residuals being under higher pressure 
than the surrounding steam. 

In such case the oil would go with the. steam into the 
condenser, and from there into the boilers, and have an 
injurious effect. It is better to have as few joints as 
possible between these two spaces. ^ 

With the above method of injection, however, another 
medium has to replace the steam used in the jet to break 
up the fuel into small particles when entering the furnace, 
and for this reason, instead of the common orifice, a 
Korting injector is used, which, on account of the threaded 
diffuser inserted in this apparatus and of the pressure on 
the residuals, gives the latter a great centrifugal velocity, 
which causes a more perfect breaking up of the residuals 
as soon as they leave the injector. 

In arranging an ordinary furnace of a marine boiler for 
the burning of liquid fuel, the inventor emphasises the 
following points: — 
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First — With a 
single Korting in- 
jector no more tlian 
a quantity of oil suf- 
ficient for about 80 
i.h.p. per hour can be 
injected into the fur- 
nace (enlarging this 
injector would in- 
fringe upon its good 
working), and this 
often renders it 
necessary to place 
two and somctinies 
three injectors {vide 
figs. 40-42 and 62- 
64) on each furnace 
to allow of the in- 
jection of the maxi- 
mum quantity of fuel 
necessary for llie gen- 
eration of tlie steam 
wanted, and ample 
room should thus be 
provided on the fur- 
nace front as well 
as in the furnace it- 
self to allow for these 
injectors. 

Second. — The air 
necessary for com- 
bustion, about 200 
cubic feet per pound 
of residuals, has to be 
well heated before 
com i ng into contact 
with the particles of 
fuel, and this contact 
should bo as com- 
plete as possible, to 
allow every particle 



Fig. 62. — Meijer’s system of furnace arraDgement. 
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to be well surrounded by the hot air flowing in. Care 
should be taken to let the fresh air from without ob- 
tain free atscess to the furnaces, and therefore the 
stoke-hold gratings on deck should be made large and 
in accordance with the quantity of air necessary for 
combustion. 

Third . — To ensure proper contact between the air and 
the fuel, the air flowing in should surround the injected 
residuals on all sides in the furnace. 

Fourth . — The jet of oil should spray freely into the 
furnace and bum there without touching any of the boiler 
plates or brickwork, as this would cause the formation of 
solid carbon. 

Fifth . — A good quantity of brickwork is necessary in 
the furnace, not only to act as a bridge to prevent the 
gases from escaping unburnt through the funnel, or as a 
protection for the back of the combustion chamber, but 
also to allow the brickwork, after being heated, to work as 
a heat accumulator, which is necessary to keep the furnace 
at a high temperature. 

Sixth . — The opening of the fire-bridge for 'the outflow of 
gases should be adjusted very accurately, as an opening too 
small or too large would produce a dense smoke. Experi- 
ence with Borneo oil showed 06 square foot of opening per 
burner to be about the required size. 

Taking the above points into consideration, the inventor 
designed a furnace as shown on the annexed drawings 
(figs. 62-64). 

To the front end (figs. 62 - 62 a) of the furnace A is fitted 
an annular ring B, provided with a series of spiral ailettes 
C, secured edgewise upon and around its external surface 
so as to traverse it longitudinally. The spaces between 
these ailettes form channels to conduct the air, which is 
thus heated by radiation from the flame inside the ring. 
So that the air before entering the furnace shall be 
thoroughly heated, the ailettes traverse the perimeter 
spirally. This ring is made in two or' more short lengths, 
so as to facilitate its manufacture, the different lengths 
being kept somewhat apart, thus forming the circular 
openings, through which part of the air enters and ignites 
the fuel inside the apparatus. The rest of the air comes 
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into contact with the fuel on emerging from the end of 
the channels D (fig. 62a). The annular space formed by 
these channels, by which the air enters at the stokehold 
side, is provided with a suitable damper E properly guided 
and rendered adjustable, so that the amount can be suitably 
regulated. 

The furnace front is closed at the stokehold side by 
covers G, G, which are made in two pieces, one carrying 
the injectors, and the other serving as an inspection door 
for inside. 



Fig. 6:JA.--The Meijer system of furnace arrangement. 


According to the Meijer system, otherwise known as 
Meyer’s, as modified by the Smith s Dock Coy., each nest 
or group of burners, 6, 6, fig. 63, is controlled by an 
ordinary stop valve r, the spraying cone being set at a 
fixed distance from the nozzle aperture, and not used to 
regulate the rate of feed. The oil is supplied at constant 
pressure along a pipe p in excess of the average rate of 
feed to the furnace, the surplus being forced past a relief 
valve V and returned along pipe m to the suction 
filter, so that the stokehold regulation can be carried out 
without reference to the speed of the pumps, although 
for the sake of economy these are naturally regulated 
under running conditions just above 4he maximum demand 
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o£ the furnaces. The fui^nace front of the boiler is fitted 
with rings g, on the outer side of which are cast a 
series of angularly disposed ribs d, for the purpose of 
heating the ingoing air through the annular spaces a, 
and of also intei'cepting direct radiation from the fur- 
nace outwards. 

The description of this oil-firing system would be in- 
complete without some reference to the recently introduced 




Fig. 63.— Avraugenient of Meijer furnuce with tviple-jet preasuve burner 


Meyer-Smith furnace front, as in this, sheet steel entirely 
takes the place of cast iron; the front is consequently 
lighter to handle, which is a consideration in fitting up, 
in converting from oil- to coal-firing, or vice versct Re- 
ferring to the elevation and plan views, fig. 65, the furnace 
front in its improved form consists of : (1 ) a circular sliding 
damper A for controlling the air supply through passages 
C; (2) a circular sliding damper B for controlling the air 
supply through the outer passages D; (3) passages C 
having spiral vanes for heating and imparting a rotary 
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movement to the entering air ; (4) outer air passages D ; 
(5) a steel cone E to serve as a direction plate ; (6) a flat 
steel extension plate F to fit the furnace mouth; (7) a 



Fjo. 64 . — AiTaiigSiiient of furnace fronts on marine boiler fitted with 
Aleijer pressurc-jet biirnors. 


front plate G to which the burner boxes are fitted ; (8) an 
observation and lighting door H; and finally (9), a pair of 
pressure-jet burners J, which may be either as described 
in fig, 4bA, or as in figs. 49 to 50a, Chapter VI. The 
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following are details of a test recently carried out on this 
system at the works of the Smith's Dock Coy., Noi’th 
Shields : — 

Dimensions of boiler, 8 feet 9 inches by 8 feet 6 inches, 
with two x>lain furnaces, 31 inches external diameter, 
6 feet 1 inch long; total heating surface, 470 square feet. 


Temperature of atmospbore 

Temperature of air supplied to tbe flame 
TeTO}»erature of furnace (maximum) . , . . 

Temperature of combustion chamber . , . , 

Tcmi)eratUTe of smoke-box 

Temperature of feed-water 

Tem|>eratnrG of oil in heaters ..... 
Pressure of oil to burners ...... 

Pressure of steam in boilers 

Oonsimiption of oil per hour ...... 

Water evaporated i)er hour ...... 

Water evaporated from and at 212° F. per lb. of oil used 

Evaporative efticiency per cent 

Brand of oil used, 2 parts Texas with 1 part Bbmeo. 

Specific gravity (mixed) 

Flash ]>oiut (closi; test) 

Moisture in oil used 

Sulphur in oil used 

Evaporation per lb. of oil, corrected for iucombustibles, 
in lbs. of water from and at 212° F 


64° F. 
870° F. 
2376° F. 
1280° F. 
680° F. 
120° F. 
210° F. 

36 lbs. 

80 lbs. 
104-35 lbs. 
2.592 lbs. 
1,5-7 lbs. 
00-2 


‘944 
246° F. 

4 per cent. 
0‘32 per cent. 

17*4 lbs. ’ 


Under the Schutte-Korting system (;vi(le figs. 41-42), 
instead of using a ring formed with spirally arranged 
defiectiiig ribs, a choke ring of fire-brick is placed just 
forward of the furnace front for the purpose of causing 
the ingoing air to converge on to the fuel cone. The 
furnace is also lined with fire-brick for some distance in 
from the front, on which is hinged a door carrying a pair 
of burners of similar construction to that shown at 6, n, t, r, 
excepting that each burner is separately controlled and 
provided with a filter box for intercepting any solid matter 
carried in with the fuel supply. 

For oil -firing at sea there appears to be a strong case in 
favour of the pressure-jet or mechanical system, this not 
recpiiring an air compressor, and consequently less liable 
to go wrong, besides being much quieter in action and 
consuming only one-third the steam used by a compressor, 
and less than one -fourth that consumed in a steam-jet 
burner for an equal evaporative duty#^ 


10 




OIL FUEL FOB MARINE PURPOSES. 


147 


In the application of oil-firing to boilers of stationary 
and marine types on the Wallsend pressure-jet system. 



Fig. 67. — Furnace of marine boiler with Wallsciid oil-buruing apparatus 
to suit Howdeu’s forced draught. 


there are uo fire-bars fitted in the furnace, the whole 
circumference being thus available for heating surface. 
The Wallsend system differs again in the use of a single 
burner h of great capacity {vide fig. 48), and also in the 
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form of the furnace front, which may be arranged for 
natural draught and for forced draught {vide figs. 6()--67). 
The oil, after being first filtered and lieated, is forced 
into the centre of the furnace in a widely diffused 
spray from a single burner, the spray bursting into 
flame at a distance of C to 8 inches from the nozzle. 
As there is no brick lining used, the boiler naturally 
heats up sooner than would be the case when burning 
coal; and, moreover, the lower portion of the furnace 
walls is heated uniformly with the upper portion, one 
result of which is an improved circulation of the water 
in the boiler; also, needless to add, there is practically 
none of that straining action which results from un- 
equal expansion and contraction due to rapid changes of 
temperature consequent on the opening of the door as 
in coal -stoking. 

In the construction of the Wallsend furnace, the front 
constitutes the principal feature; in tJiis {vide fig. 60) 
there is a concentric air trunk having lateral openings 
at its outer end. This air trunk projects concentrically 
within a second air trunk a, carried by the furnace 
front /, and the annular space t between the inner 
and outer air trunks is fitted with deflectors arranged 
to cause the ingoing air to have a spiral motion. One 
advantage of this construction is obvious, as by its means 
direct radiation outwards through the furnace front is 
prevented. 

In using forced draught on Howden’s system {vide fig. 
67) with closed furnace front, an efficiency as higli as 
16*25 lbs. of water evaporated from and at 212° F. has 
been obtained per pound of oil burnt, the oil proving to 
have a calorific value oE 18,770 B.T.U., thus demonstrating 
a boiler efficiency as high as 84 per cent. 

The report below adduces sufficient evidence of the 
groat improvements that have been made in apply- 
ing oil fuel for steam -raising purposes: — Size of boiler 
(marine return tube type) 11 feet diameter by 11 feet 
6 inches long, with two furnaces 3 feet 8 inches inside 
diameter, and fitted up to work on the Howden system 
of forced draught. Total heating surface, 1358 square 
feet. During the trials the burners worked well, the flame 
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filling the furnace so that the combustion space was 
effectively utilised. There was no visible smoke during a 
considerable part of the tests, and at no time was there 
more than a slightly perceptible discharge. 


SuMMAiiY OF Results of TmAi.s of the Wallsekjd Patent Liquid Fuel 
Buhning System worrino with Howden’s Forced Draught. 


l)rttc of trial 


8/9/10 

8/9/10 

Duration of trial .... 

hours 

Si 

2 

No. of burners per furnace 

No. 

1 

1 

Size of burner 

, , 

18 

16 

Class of oil used ..... 

(Scotch) 

Pumpher- 

Pnmpher- 



ston 

ston 

Calorific value (net) of tbeoil 

B.T.U. 

18,770 

18,770 

Sl)ecifio value of the oil at 60® F. . 

. , 

0*868 

0*868 

Steam pressure . . . .lbs. 

per sq. in. 

165 

155 

Average teniT)ei*atnre of feed water 

degiTos F. 

116 

120 

Pressure on oil at burners . . lbs. per sq. in. 

146 

170 

Tcmpeiaturc of oil at burners 

degrees F. 

155 

180 

Pressure of sir entering furnaces . ins. of water 

n 


Tern perature of ai r en terin g furnaces 

degrees F, 

190 

185 

Description of smoke at chimney top . 

• • 

Very light 

Very light 



to none 

to none 

Tempciuturo of gases at foot of chimney 





degrees F. 

488 

420 

Weight of oil burned per hour 

. lbs. 

932 

633 

Weight of oil burned per hour per burner , „ 

466 

316*5 

Weight of water evaporated T>er hour . 

• »» 

33,050 

9,000 

Total moisture in steam (by surface condensing 



calonmeter) 

per cent. 

1 

none 

Weight of water evaporated per lb. of oil burnt lbs. 

14*00 

14*22 

Equivalent evai)oration from and at 212® F. . lbs. 

15*91 

16*22 

Equivalent evaporation from and at 212® F, per 



sq. ft. of lieaiing surface per hour , 

. lbs. 

10*92 

7*65 

Thermal efficiency ef boiler . 

per cent. 

82-3 

83*9 


(Signed) Archibald Barr. 


The manner of fitting up a pair of imiriiie boilers under 
this system may be gathered from the illustrations, figs. 68 
and 69, which include a hand pump A, temporary heater 
B, and oil tank C for use in starting up when all cold; 
the WallvSend oil -firing system is also shown applied to 
water-tube and locomotive boilers in Chapters IX. and X. 
The plant used after a head of steam has been raised con- 
sists of a pair of oil force pumps E, suction filter D, 
pressure equalising vessel F, oil-fuel steam heater J, oil 
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Fig. 68.— Arrangement of marine boilers fitted with Wallsend oil-burning apparatus. 
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a pressure gauge P and a discharge filter K of the 
same construction as the suction filter, each being con- 
structed in duplicate, so that one side may be cleaned 
without interfering with the regular supply of oil to the 
furnaces. 

Turning now to Continental and American practice, 
where the fuel consumption of oil- and coal-fired boilers 
and all steam-driven auxiliaries is, on board ship, in most 
cases stated in i.h.p. per hour, the following may be 
accepted as representing average results for natural or 
forced-draught fired boilers and ordinary triple-expansion 
engines: — Consumption of oil per hour per i.h.p., 1'02 lbs, 
and 0*95 lbs. respectively. 

Fuel consumption per i.h.p. per hour being the recognised 
standard for comparison and exclusively adopted, great 
care is taken to avoid any discrepancy in the observations, 
recognising that the i.h.p. as calculated from the cards may 
vary greatly for the mme revolutioow, in consequence of 
internal losses in the engine itself as influenced by diflerent 
settings of slide valves, various arrangements of driving 
auxiliaries, etc., also for the reason that the worlciinj out 
of a small indicaioi^ card easily allows of mistakes being 
made on either side. 

For instance, it has been found that where in the 
one case the fuel consumption per i.h.p. amounted 
to 1'25 lbs., the actual resdlt in speed and fuel con- 
sumption per day for the same displacement was 
considerably better than when the consumption worked 
out at 1 lb. per i.h.p. per hour, and that the i.h.p. 
on the indicator diagrams cannot usually be accepted as 
accurately representing the true power transmitted to the 
propeller. 

The average shipowner does not care so much for 
theoretical figures as to know the actual consumption of’ 
coal or oil fuel per diem in connection with deadweight 
and speed maintained. These are the figures which define 
the fueli)ill, which he is anxious to keep as low as possible, 
so that his ship may make a favourable showing in 
comparison with competitors. 

From a number of voyages of the same ship with the 
boilers burning either coal or oil, and the engines kept 
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running as nearly as possible in tlie same condition as 
regards vacuum, revolutions, etc., it is found that in a ship 
with deadweight carrying capacity of 7700 tons, the con- 
sumption of oil works out over a series of years at 
about 22J tons per day against 32 to 33 tons of Welsh 
coal, or a mean saving, by weight, in fuel consumption 
of 33 per cent., and as a direct consequence of this, that 
the ship can carry about 150 to 200 tons more cargo when 
burning oil. 

The sectional and plan arrangement^ illustrate the 
Zulver pressure-jet oil-firing system (figs. 70, 71) for mixed 
firing under natural draught and for oil-firing under forced 
draught. According to this the two pressure-jet burners 
h are arranged aa shown in the plan view to project two 
jets to converge at a point some distance in from the front 
of the furnace. Another point is the motliod used for 
regulating and distributing the admission of air; this 
differs from the methods shown, in that the main supply 
of air is drawn tlirough an opening in the brick overlay 
on the grate, a plate p (fig. 70) causing this air to circulate 
underneath, thus warming it; an auxiliary supply enters 
at a, and thence to the flame just under the two jets. The 
main supply is under control by a damper d\ a second 
damper being located at the back of the furnace to 
regulate admission of air through a flue / direct to the 
combustion chamber. 

In the furnace arranged for forced draught (fig. 71), 
a similar method is adopted for the admission of air 
through openings in the fire-brick overlay. Air under 
forced draught enters at a, and a part of this is admitted 
through a port controlled by a slide v to an annulus 
communicating with inlets surrounding the jets. 
Under natural draught the flame can be observed through 
a small annulus surrounding each burner, which, in this 
instance, are fixed to the fire-door; but under forced 
draught this is obviously impracticable, and a ferrule m 
fitted with a mica pane is provided. From the arrange- 
ment (fig. 72) it will be seen that the method adopted 
for feeding the oil to the burners does not materififlly 
differ from that shown in figs. 01, 08, and 69, the 

* The Marine Engineer atvd, Navaf ArchiUct, 




Fig. 70.-Funiace of marine boiler shown arranged for coal- or oil- firing on the Zulver pressure system with duplex burners. 
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pumps — steam direct-acting duplex, — as well as the 
filters and heaters, being provided in duplicate with 
change-over valves to enable either set to be closed down 
for cleaning without interfering with the supply to the 
burners. 

In fig. 73^ is shown a double furnace return flue 
marine boiler an-anged for forced drauglit on the Howden 
system previously referred to. Each furnace is fitted with 



Fkj. 71. — Furnace of marine boiler arranged for oil-firing under 
forced draught. 


a pair of Kfirting pressure-jet burners and fire-brick 
covered grate, with a bridge at back as in fig. 71 ; 
the main difference in this, however — one of the earlier 
installations, — consists in the method for regulating the 
air by a valve arranged us shown to slide over the 
burner. 

Turning now to American practice, there is seen to bo 
a verj?^ simjile method for regulating the air sui)ply to 
the furnace used in the Moore & Scott oil-firing system 
with mechanical atomiser; this, as shown by the photo 

^ Procccdiit^a hisL Mach, jtJn^incers, 
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Fig. 73.— Arrangement of combined oil- and coal-fuel installation with Howden's system of forced draught and 

Korting pressure oil-jet burners. 
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view (fig. 74) of a marine type boiler furnace, consists of 
a front p, to w))ich is attached a circular air trunk liaving 
lateral openings through which the air is adnntted to the 
furnace, the regulation being effected by a lateral movement 
of a sliding damper rf, by which means just the required 
volume of air (200 to 250 cubic feet per lb. of oil) can be 
admitted to obtain perfect combustion ; tliis simple metliod 



Fig. 74. — Moore & Scott furnace front. 

at the same time prevents direct radiation from the furnace 
into the boiler room. In connection with this oil-burning 
system a long atomiser (fig. 75), referred to in Chapter VI., 
is used, consisting of a steel tube t having at the furnace 
end a nozzle n, and at the outer end a carrier r, with 
oil inlet / Inside the jet-bix b is a cylindrical plug 
with three small channels, which are turned obliquely 
towards the discharge aperture in the nozzle cap -Ji; this 
atomising plug is integral with a spindle 8 that‘ passes 
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through a stuffing-box //, and is thremied, arid })y that means 
it is possible to adjust the position of the atomising plug 
with reference to the nozzle tip. This manipulation has 
an important effect upon the angle of dischaige, and con- 
sequently upon the flame development — e.rj, with the plug 
advanced close up to the discharge aperture tliis angle is 
90°, and can be reduced to less than 00° by a reverse, move- 
ment, thus leaving a larger space Ix^tween the atomising 
agent and the spray aperture. 

This jnethod oi adjusting the diffusion angle of tlie spray 
cone is a decided advance over the fixed angle of spray 
diffusion produced in a buriKT of the ordinary construction 
with rotary jet, and is a very desirable feature in the case 
of low and narrow combustion chainl^ers, and for furnaces 



Fia. 75. —Moore A Scott pressure-jet hiirner. 


where a long flame is preferred. The diffusion angle can 
be varied within the limits stated by a single movement of 
the atomising plug, tlius enlarging or contracting the three 
small channels named, and by this means obviously varies 
the resistance and conse(|uently the rate of discharge. 
Actual tests show that the coefficient of spray discharge 
ranges from 28 to 45 per cent, under a pressure of 100 lbs. 
pel square inch — Le, from 82 to 132 lbs. of oil per square 
millimetre per ho\ir, tlie theoretical dischaige of oil of the 
viscosity tested (Californian) being 204 lbs. 

In regal’d to the most suitable temj>crature for the oil 
to be heated, this varies with different oils, those having a 
paraffin base, and conse(|uently more limpid, require to be 
heated to a less degree than those having an asphaltum 
base— e.gf. Borneo, Mexican, and Californian oils; and with 
these, only those of less than 15° Beaumc, i.a, O OO, require 
to be heated above 185° F., as such oils only show a com- 
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paratively small reduction in viscosity after ;^„ssing that 
temperature ; but as the amount of steam required for this 
is very small {vide p. 125), and as the critical temperature 
for least resistance also varies to some extent from time 
to time for different burners^ a temperature of 200** is often 
exceeded. 



Fio. 76. — Arrangement of fnmace for forced draught with 
White i>ateiit burner. 


As before jDointed out {vide p. 44), it is essential for 
extreme economy with pressure-jet burnei'S that the air 
supplied to the furmice be not only brought to a high 
temperature, but closely regulated to the requirements of 
the burners. In the Wliite system — also of American origin 
— this aspect has received particularly careful attention, 
and is effected by forming tlie furnace front (shown in 
figs. 76 and 77a) with a multiple series of radial vanes v, 
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which conduct heat from the furnace to the ingoing air; 
this disposition of tlie vanes also causes tJie air to enter 
the furnace with a vortex movement. The admission is 
controlled by regulating the distance of the sliding cone n 
from the mixer nozzle m, this extending within the furnace 
to just beyond the flared oriflee / of the burner b (described 
in Cliaptcr VI., fig. 61). The air can be completely shut 
ofil* when the burners are not in action, thus eliminating 



Fio. 77.— Air regulator, burner, and mixing cone used on the White system. 


risk of leaky tubes and seams — which is a point of greater 
iuiportance with oil-firing than with coal. 

Oil-burning on ilie White system has already been 
successfully applied to quite a large number of tank and 
cargo boats originally fitted out for coal-burning, as well 
as to several others formerly equipped for oil -burning on 
the steam atomiser principle. Particulars of one of these, 
the Ptiruiiy 6800 tons, and owned by the Lloyd Brazilerio 
Steamship Co., will serve to show the comparative advantages 
of oil-burning on this system. According to extracts from 
the report of the superintendent engineer, this vessel — 

11 
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which was originally fitted out for coal-burning — was a 
hai-d steaming job, and burned from 26 to 28 tons of coal 
per day on a speed of to 8J knots and with a very hot 
stokehold ; but since being converted to oil-burning the 



Flo. 77a.— Furnace front used with White ])atent 
pressure-jet burner. 


consumption has decreased to 17-1 7*2 tons per day and 
the speed increased to 9i knots, Otlier particulars are as 
follows ; — 


Pressure on the oil line when ‘operating . . , 

(but only 10 to 15 lbs. required to ignite on) 
Temi>erature of the oil (two heaters) .... 
Temperature of air at the front end of the mixing 

cones 

Temperature of the stack 

Temperature of the stokehold 

Oil consumed per hour 

Distance covei^ per t<jii of oil 

Distance covered per ton of coal .... 

Indicated h.p. with oil 

Consumption ])er liour 

Oil used, Mexican 


50 to 70 lbs. 

225" to 250“ F. 
220“ F. 

520“ to 530* F, 

80“ F. 

1584 Ihs. 

15*6 miles. 

8*5 miles. 

1720 

0*92 lb. peri. h.p. 
Bp. gr. 0*042 
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The superiority of oil-firing for marine purposes has 
been proved so convincingly that now it has become quite 
general practice for all new steam ships to be fitted up 
with oil-burning apparatus, and for the larger mail and 
cargo boats to be converted to oil-firing, despite the gre^itly 
increased cost of oil fuel, the cost of coal having advanced 
in a greater proportion. But for the smaller boats the 
enhanced economy obtained from internal combustion 
engines shows up the superiority of oil fuel to even better 
advantage, as will be seen from the following particulars 
and logs of the running costs of the small pioneer motor 
ship Vukiau'tLs and the steamship Sabine Richners of 
equal size, in 1911. 


ViUeanwt, 8.S. Sabine Jlickmer$. 

196 ft. 0 ins. . . 200 ft. 0 ins. 

87 ft. 9 ins. . . 3 1 ft. 6 ins. 

18 ft. 2 ins. . . IS ft 9 ins. 

1*2 ft. 4. i ins. , . 16 ft. 9 ins. 

•78 

1235 tons . , 1269 tons, 

2080 tons . , 2290 tons. 

8 knots . . 8 knots. 

( 6 cyl. 4 -cycle, rcvei^siblo) Dias. 17Jx28x 
. ■! Werkspoor Diesel, dia. 44 ^ ins. 

\ 231 ins. stroke, j -7 i ins. stroke. 

Wevs. of engines . .... 160 per min. . . 80 i»er niin. 

Consumption ])er dieni , • . 2 tons of oil . . 11 tons of coal. 

Total iiuinbev of stalf and crew ..16 . 80 

(Knropean crew) cost per day £6 6 5 

SttOine liickmers (Chinese crew) cost per day . . . .£907 


Length, B.P. . . . 

Bi’eadtli , • . • 

M.D 

Draught, S M. . . « 

Block coeniciciil . 

Deadweight carrying capacity 

Displacement 

Mean .sjiccd • • 

F.ngines . • • • 


Kxtraox from Log of M V. 


V URCANr 


Day. 

Voyage, 

Homs 

Steam- 

ing. 

Miles. 

Heva. 

per 

Min. 

I.H.P. 

Speed. 

Con- 

sump. 

tiun. 

1911, 
Aug. 5 

Aug. S to 26 
Kustendjc to Hamburg 
Fore ir 2" 

Draught 

22-34 

177 

172 


8-0 

1*95 

1, 6 

21- 2 

365 

172 


8*0 

1*87 

7' 

Aft 12' 8* 

21-83 

174 

172 


8T 

1-82 

n 8 

Cargo 976 tons 

23-46 

3 89 

172 


8 0 

1'98 

n 9 

; Deadweight 1112 tons 

24-16 

383 

172 


7 r> 

2-02 

„ 10 

24-15 

184 

3C2 

... ! 

7-6 

2'02 

M 11 


24-14 

174 

162 1 

1 

7*2 : 

2 02 

24 


23-46 

188 

170 


7-9 

1*98 

„ 25 


12- 5 

96 

170 1 

i. 

•*• 

8-0 

1-00 
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Extkact kuom Loa of S.S, ‘‘Sabine Rickmeus,’* 
Japan and I\ Laut Coal, 




Houni 


Revs. 



Con. 

Day. 

Voyage. 

Steam. 

Miles. 

jier 


Speed. 

sump- 



ing. 


Min. 

. . 


tiuiv. 

1912. 
Apr. 22 

April 22 lo 30 
Pladjoe to Saigon, md 







Singapore 

Fore 16' 7' 

8-40 

86 

85*5 

620 

10 0 

10*6 

„ 28 

• 

Draught 

19-59 

174 

86 

... 

9*1 

11*0 

Aft 16' 6* 







>8 27 

Cargo 1033 tons 

23 65 

208 

86*1 


8*7 

13*5 

„ 28 

Deadweight 1290 tons 

23-68 

212 

86 

... 

8 8 

13*6 


Juno 20 to 27 







June 22 

B. Pap])an to Hukuiu, 








vid P. Laut 

19-60 

161 

84*6 

«•» 

8*1 

11*1 


Fore 14' S*' 







.. 23 

Draught 

24-14 

209 

85*3 


8*6 

13*6 

Aft 16' 3“ 







•> 24 

Cargo 1018 tons 

24-10 

201 

83*6 

*•* 

8*3 

13*5 

.. 26 

Deadweight 1225 tons 

24-12 

222 

84*1 

... 

9*2 

1 13 5 


From these figures it will be seen that the fuel con- 
sumption on this small motor-ship averaged just on 2 
tons of solar oil per diem, or about one-fifth of the coal 
consumption of a steamer of like capacity. A striking 
example of the advantage of such a reduced fuel con- 
sumption is to be found in the fact that the vessel 
completed a voyage of eighty-eight days without bunker- 
ing at any intermediate port. On this particular run she 
left Amsterdam on August 30, 1912, with 140 tons of fuel 
oil bunkers, loaded a cargo at Constantsa, Black Sea, for 
Cette, proceeded thence to Batoum, and arrived back at 
Amsterdam on November 27, a distance of some 10,750 
miles. In the Bay of Biscay and North Sea, moreover, the 
Vulcamia was confronted by very bad weather. Neverthe- 
less, 6 tons of liquid fuel remained on board at Amsterdam 
after the voyage. Thus the total consumption was 134 tons 
in 65*7 steaming days, or 2 03 tons per diem. Having dis- 
charged cargo at Amsterdam, the Vulcanua was dry-docked, 
and the engines opened up and cleaned. Beyond a few 
piston rings no renewals were found necessary, and, after 
cleaning up, the vessel left Amsterdam on December 19 on 
a similar voyage. 
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OIL FUEL FOR NAVAL PURPOSES. 

CoNSiDEiUNG how vital a matter the supply of fuel to the 
vessels of the Royal Navy is, it is not surprising that some 
considerable deliberation has been taken before deciding on 
the adoption of oil fuel in place of coal. It is quite tifty 
years since the first experiments were conducted on behalf 
of the Admiralty, in experimental trials for the purpose of 
ascertaining the most suitable oil-burning system for war- 
ships and other vessels of the fleet ; and now that this has 
been perfected, other experiments have b(3en carried out to 
further increase the efiicicncy of the fleet by burning the 
oil in the engine direct, instead of in the boiler furnace. 
But oil fuel does not offer those advantages which a nation 
richly endowed with coal could take practical account of, 
for tlic reason — and a very vital oije it is — that the main 
supply is geographically so far distant. Iliis question of 
supply is naturally of far greater consequence to the Navy 
than to the merchant service. A shortage or cutting off of 
supply, if any political crisis should arrive wherein we were 
called upon to defend our shores and our commerce, would 
mean national disasU*r, if not national ruin ; therefore, the 
supply of oil fuel must be absolutely assured and un- 
interrupted. Until, therefore, tlie Burniah, Borneo, Persia, 
Trinidad, and other fields were brouglit in, the question, 
from the Admiralty's point of view, had to remain in more 
or less abeyance; however, it is only recently that the 
adoption of oil fuel in the Navy has become a really live 
question, and the necessary supplies assured. One of the 
advantages of oil over coal for warships is that a larger 
amount of heating power can be stored into the spacje 
available for fuel, which means that the radius of action 
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is extended quite 40 per cent., which is a factor of con- 
siderable importance in the event of a prolonged absence 
from port, as well as from a strategical point of view. In 
fact, coastal destroyers fitted for oil-burning can now, with 
their bunker supply of 200 tons, steam some 2000 miles at 
cruising speed in fine weather, and with clean bottoms. 
As a case in point, the ocean-going destroyer Stvift can 
steam from 1500 to 1700 miles without refueling. Speed 
can also be augmented hy the use of oil; smokelessness, 
again, is another qualification, while the space required 
for storage may be utilised for fighting power. As these 
advantages apply e(]ually to our adversaries, this matter 
must be considered from a purely national standpoint, and 
not altogether from one of relative cost. 

In the experiments carried out by the British Admiralty 
in 1866, the results were not by any means conclusive or 
satisfactory, in so far that they did not lead the Admiralty 
to come to any decision, except that the price of the oil 
prohibited the adoption of the new" fuel ; also in that the 
average quantity of water evaporated during these trials 
was only 13*2 lbs. per pound of oil consumed. The con- 
ditions of combustion appear to have been very imperfect, 
the tubes showing a very foul condition at the end of 
the day^s experiments. When burnt alone, ^ Burslem oil 
evaporated 18 88 lb.s. of water to the pound of oil; shale 
oil, 17*92 lbs.; and Torbaine Hill mineral oil, 18*88 lbs. 
It was not until 1898 that the first successful result with 
oil-firing was obtained — viz. on the destroj^er Surly ; but 
from then progress was much more rapid, and soon over 
a hundred destroyers in the British Navy alone were fitted 
for oil-firing, twelve being laid down in 1906 for a designed 
speed of 38 knots, and which were so successful tliat all 
the destroyers since laid down for the British Navy have 
been entirely oil-fired ; and while the bunker capacity of 
the first coastal torpedo-boats was only 20 to 25 tons, this 
has advanced in stages, first to 90 tons, then to 170, until 
now the amount of liquid fuel carried exceeds 200 tons. 
Further, nearly all the pre-Dreadnought battleships carried 
.some 400 tons of oil as an emergency fuel, commencing 
with tliose of the King Edrvard VII, class in 1901 ; while 
^ Calorimeter tost. 
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later ships are all fitted either for both oil- and coal-firing, 
or for oil-firing alone. 

All the great Powers have given serious attention to this 
matter — America, France, Italy — and have adopted the use 
of oil fuel in their navies. 

The first attempt in oil-firing was made in 1862^ by the 
Italian Navy, the method adopted being to mix the residues 
resulting from the distillation of petroleum with absorbent 
substances, and to burn this under the boiler on pans or on 
grooved grates the results, however, were not satisfactory, 
owing to the excessive quantity of smoke produced and the 
irregularity of combustion. With this system of grooved 
grate — which had the advantage of great simplicity and 
made it possible to reveit easily to coal-firing — the liquid 
fuel was fed into a series of narrow trough-shaped bars 
forming the grate, the air for combustion being forced 
upwards through the grate, and deflected downwards on to 
the surface of the fuel by T-section bars spaced alternately 
with the troughs. The results have been satisfactory from 
the point of view of regularity of consumption, but the 
quantity of fuel burnt was too high. 

The advantages of oil-firing have long been recognised 
by the U.SA. Navy, and there have been experiments with 
liquid fuel dating back as far as 1807. All those experi- 
ments confirmed the belief in the considerable military 
advantages that would accrue from its use; but until 
recently it had been impracticable to use it extensively on 
account of the uncertainty as to the adequacy of its supply 
and the sufficiency of its distribution among the seaports 
of the world. 

Since 1907^ all U.S. torpedo-boat destroyers contracted 
for burn oil exclusively, and battleships such as the 
Jbelnware, North DaJwfa, Florida, Utah, Wyoming, 
Arkansas, Texas, and New York, contracted for during 
this period, were fitted to burn oil as auxiliary to coal, 
each of these vessels carrying about 400 tons of the liquid 
fuel, to be burned at full power, or when it became difficult 
to trim coal from the bunkers into the fire-rooms. In the 
case of these battleships the advantages of oil fuel so 
appealed to the personnel that this alone was Ij^med to a 
* The Engineer, ® The Mechanical Engineer. 
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great extent in port, and to some extent while cruising, 
although at the installation of the oil-burning equipment 
these uses were not contemplated. 

The NeA)ada and Oldalioma^ two battleships more recently 
contracted for, bum oil exclusively. This is perhaps the 
most radical development in naval engineering since the 
advent of the turbine. It has permitted in the case of 
these vessels a reduction in boiler weights, which has made 
possible the use of heavier armour than has hitherto been 
employed. The reduction in the length of boiler com- 
partments has permitted the grouping of nil boilers under 
one smoke stack, which, of course, clears the upper deck 
considerably, and permits more extensive arcs of fire for 
the turrets. 

The apparatus used in a later development of oil-iiring 
as applied to naval purposes in the United States of 
America is illustrated by figs. 78 and 79 ; in this the burners 
B, operating on the pressure-jet principle, and the manner 
of regulating the supply of air, differ somewhat from the 
Schutte-Korting burner shown in tigs. 41 and 42 
in that they are arranged in single units instead of in pairs. 
The burners are comparatively long, and in this respect 
resemble that shown in fig. 75, but follow the Korting 
method of imparting a rotary motion to the issuing jet; the 
helix for this, however, is much shoHer and held in place 
by the nozzle-tip, and at a fixed distance as in fig. 42. A 
special feature is the means provided for quick removal as 
shown by the handle H, and the interlocking cam device 
on the fuel cock C, thereby preventing this without first 
turning off the oil supply. The air regulators consist each 
of a large rotary valve A, placed in front of a fii'c-clay flue 
F, and are adjusted by a rack gear HI. In fig. 78, eleven 
burners of this type are shown applied to a Thornycroft 
boiler, from which the arrangement of feed controls, fuel 
connections, tempei*ature and pressure indicators will be 
sufficiently clear without further explanation ; further tlian 
to add that only one duplex pump is required to supplj^ 
the fuel feed to a complete set of boilers, and is effected at 
constant pressure controlled automatically by a diaphragm 
in connection with the suction end of the pump; a relief 
valve connected with the suction end ^of the punip is also 
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Fig, 79, — Section showing Schiitte-Korting burner and air register for 
U.S. A. destroyer waler-tiibc boilers. 

Ac=AIr reprtetcr. F-- Fire-clay cylinder, HI = lland]e to operate slides 

It -Burner. H =- Handle for remov- for regulatinsr air supply. 

OsrOileock. ing burner. 8 »• Thimble at rain er. 



172 


QIL FUEL. 


prov^ided, so that any number of burners may be set into 
action or closed down without interfering with the pressure 
supply to the others. The fuel heater also ditiers from the 
usual practice of circulating the oil through a copper coil, 
and on this system consists of a long inner and duter spiral 
tube, through the narrow clearance between which the 
oil is circulated as a film, and in a direction opposite to 
that of the surrounding steam. The complete equipment of 
feed pump, heater, and filter is in duplicate, and arranged 
according to usual practice with change-over valves, besides 
which each burner is provided with its own filter. 

The evaporative duty required from the boilers o£ 
destroyers is greater than that stip\ilated for any other 
service; and whilst it is possible to burn enough liquid 
fuel to produce the required duty in boilers hitherto using 
coal at natural draught, or even coal at moderate forced 
draught, some difficulty until recently has been found in 
burning enough oil fuel in boilers of the destroyer type to 
produce the same duty as that realised under coal at great 
air pressure. The question of economy of fuel in destroyers 
when at full power is of comparatively little importance, 
but the production of the maximum power at short notice 
is of the most vital importance; however, by methods now 
adopted this difficulty is solved quite satisfactorily. 

The Yarrow Company, years ago, obtained highly 
encouraging results in two torpedo-boats built by them 
for the Dutch Government. In these the air pressure for 
draught in the furnace was only 1 inch on the water- 
gauge ; with the engine stop valve full open, the following 
were the observed results: boiler pressure 150 lbs. to tlio 
square inch; pressure in the first receiver 54 lbs., and in 
the second receiver 5'5 lbs.; vacuum 23i inches; and 
revolutions 340 per minute; under which conditions a 
speed of 245 knots was obtained. Oil fuel was then 
started, and as much oil burnt as possible without making 
smoke, the coal consumption being at the same rate as 
before. I''he results were then as follows : boiler pressure, 
180 lbs. per square inch ; first receiver pressure 64 lbs., 
and second receiver pressure 9 lbs.; vacuum 23 J inches; 
and the revolutions 365 per minute; the resultant speed 
being 26J knots. 
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Thus, by turning on the oil feed the speed was increased 
by just 2 knots. Moreover, this increase was obtained 
almost instantaneously, or, at any rate, within a few seconds 
of the oil being turned on. Borneo oil was used, and the 
supply for the two boilers was at the rate of 700 lbs. per 
hour. The coal burnt per hour was at the rate of 2800 
lbs., both when coal alone was used and when it was burnt 
in combination with oil. The oil supply tank had a 
capacity sufBcient for a run of an hour and a half under 
the above conditions of working, and was placed on deck, 
so that, if it should be pierced by shot and the oil escape, 
it would simply run into the sea. 

One of the earliest apparatus employed in the French 
Navy for burning liquid fuel was the Ferrari, in which 
system longitudinal trays were used, containing wicks 
separated by screens so arranged as to distribute the air ; 
a tube pierced with holes placed beneath each wick dis- 
tributed the oil throughout its whole length. Two series 
of trials were made at Toulon with this apparatus, on the 
Amalia and on a torpedo-boat. The object iri this case 
was only moderate firing, and on a trial in dock the con- 
sumption was stated to be 2'12 lbs. of oil per horse-power 
per hour, and at sea 1'79 lbs. compared with the coal 
consumption of 3’22 lbs. The results of the trials on 
the torpedo-boat were, however, not so satisfactory. The 
burner originally used in the French Navy, and first tried 
on board the Baffle and a torpedo-boat, was that known as 
the Guyot. In this burner a steam jet was regulated by 
the movement of a central spindle, which also regulated 
the oil supply. Although it is easier to regulate the steam 
in this manner, great care is required in order that the 
spindle shall remain perfectly in alignment with the spray 
nozzle. It is also important that the spindles be not too 
long, and they never project beyond the steam jet. 

On the torpedo-boat 11*56 to 11*58 lbs. of water w^ere 
evaporated per pound of fuel oil, and in some early trials 
in France (1887) 1*2 lbs. of steam were required for each 
pound of oil atomised. On the Baffle, which has already 
been referred to, the consumption was *75 to 1 lb., and on 
the torpedo-boat 1*2 lbs. In the trials made with the 
Guyot burner in 1896 the consumption is said not to have 
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exceeded *66 lb., and even dropped as low as *63 lb. of steam 
per pound of oil consumed in the burners. 

In Italy similar results, varying from *5 to *25 lb, were 
obtained, and on a Sehickau torpedo-boat only 1*02 lbs. of 
steam is said to have been required. It may be taken for 
granted that on an average not more than half a pound 
of steam is required for atomising a pound of oil {vide 
pp. 122-128). But, of course, at sea tlxe fresh water has to 
be obtained by distillation, and partly from this reason, and 
partly owing to tlie lower evaporative power of a steam spray 
burner, the use of steam in both the British and Foreign 
Navies have been definitely abandoned for the purpose of 
atomising the spray of liquid fuel injected into the furnace. 
Experiments with a D'AH^st bumer carried out in 1887, 
showed an evaporation of 11*38 lbs. per pound of oil used; 
and in 1890, in the French Navy, on the torpedo-boat 
already referred to, 11 *36 and even 13*25 lbs. of water 
were evaporated, and the Guyot burner evaporated 12*5, 
12, and 11*3 lbs. in a closed stokehold and under an air 
pressure of *81, *67, and 1*8 inches respectively. Thus it 
was then with a steam-jet burner equally easy to evaporate 
12 lbs. of water with oil, as 9 lbs, with a corresponding 
amount of coal. It will be noted, therefore, from these 
earlier experiments witli oil-burning apparatus actuated 
with the aid of a steam jet, that the evaporative efficiency 
was much below the results now obtained wnth the latest 
form of pressure-jet burners, and also with burners using 
a jet of heated air under slight pressure, i.e. from 1*5 to 
4 lbs. per square inch {vide pp. 124-125). 

In the Italian Navy steam-jet atomisers of the Cuniberti, 
Nabor Soliani, and Frugoni types {vide fig. 19) have also 
been largely used for warships; the latter also on the 
U.S.A. battleship Delaware, According to Captain 
Gianelli,^ of the Italian Corps of Naval Architects, almost 
any type of boiler can be adapted for burning liquid fuel; 
but those boilers are preferable wliich have a long flame- 
path, and in which the heating surface in direct contact 
with tile flames is not too great. An ample combustion 
chamber is of special importance, for ujK)n its capacity 
depends the quantity of fuel that can be burnt. The 

^ The Engineer, 
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length of the furnace is not so limited as in a coal-fired 
boiler, 4 metres (13 feet) being considered a favourable 
limit of length. Te.st8 have shown that 8 h.p. can bo 
obtained per square metre (al)out 0*8 h.p. per square foot) 
of heating surface. With water-tube boilers having an 
ample combustion chamber, a rational flame-path, and 
good burner, 6 h.p. per square metre (about 0*6 h.p. per 
square foot) of heating surface can be reckoned upon ; but 
that, in order to secure a high ejficiency, the point of 
formation of the flame should be at a distance from the 
heating surface. Also for the liquid fuel to burn com- 
pletely, it is necessary for atomising to take place in a 
strong air current, and forced draught be resorted to. 

One of the main dilficulties in liquid-fuel firing is the 
accurate regulation of the fans to give the exact amount 
of air required ; an excess of air cools the furnace, whilst 
insufficiency of air causes a part of the oil fuel to remain 
unburnt, giving rise to smoke. In order to facilitate 
regulation and to force combustion without any excessive 
production of snioke it is essential to use powa^rful fans, 
giving at least a pressure of from 80 rnni to 100 mm. 
(3 inches to 4 inches) of water column. With steam-jet 
atomisers firing can take place at low rates of steaming 
without fans and without smoke production, which is an 
advantage. 

However, pressure burners are now found to meet with 
the greatest favour, since, besides doing away with the 
water consumption which forms a necessary feature of 
those using a steam jet, they work more perfectly, and are 
most easily operated. In fig. 80 is illustrated the method 
of fitting the Thornycroft pressure-jet burner to a water- 
tube boiler; in this the air enters between a series of 
cylindrical trunks telescoping one within the other. 
According to this system a burner, as described in 
Chapter VI. (fig. 47), is used in connection with a pair of 
vertical simplex fuel feed pumps, a liorizontal tabular 
heater, and tw’^o pairs of filters. With this burning 
apparatus wdien fitted in conjunction with Thornycroft 
bculers of latest design and of fairly large size, the makers 
are prepared to guarantee an equivalent evaporation of at 
least 16*5 lbs. of water, froin and at 212'", per pound of oil 
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per hour, if the rate of evaporation does not exceed 4 to 
5 lbs. per square foot of grate surface. 

Theoretically, 1 lb: of fuel oil is capable of evaporating 
20 lbs. of water from boiling point, and, as with oil-firing 
on the hot-air-jet system, 15*6 to 16*5 ll)s. of water can be 
evaporated per pound of oil under practical working con- 
ditions, thus showing an eflSciency from 78 to 83 per cent, 
of the theoretical calorific value ; and with forced draught 
under ordinary working conditions using the pressure-jet 
system, an eflSciency from 79 per cent, to 81*25 per cent, 
can be obtained. That is to say, with oil fuel of 19,320 



Fio. 80, — Arrangement of Thornycroft pressure-jet burner and air regulator. 

B T.U.'s per pound, the evaporation would be from 15*8 to 
16*25 lbs. of water per pound of oil consumed. Also, the 
steam-jet system will recover from 67 per cent, to 78 per 
cent, of the calorific value of the fuel used, or a pound of 
oil fuel will evaporate from 13*4 to 15*5 lbs. of water. 

Since, however, it has been ascertained by prolonged 
trials under ordinary and test conditions that the pressure- 
jet system with forced draught will work with as high an 
eflSciency as the air-jet (vide p. 124), this is conse<|uently 
now considered to be most suitable for naval purposes 
owing to the less space required, a conclusion that is all 
the more obvious when it is remembered that an oil pump 
is necessary for eitlier system; and further that, volume 
for volume, the amount of air that has to be compressed (in 
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ordei’ to give pressures from 5 to SO Iba. per e(]uare inch) 
must be at least 1000 to 1 600 times greater than the amount 
of oil to be burnt, and with some burners this proportion 



Fig. 81. — Olarke-Cliapraan marine- typo -water-tube boiler, fitted with Wallsend 
oil-burning appai*atus for firing with mixed coal and oil fuel. 


rises to as liigh as 3000. The weight of air is also from 
3 to 5 times greater than tliat of the oil ; but the difference 
in the steam required is enormous, that for tlie air jet 
being at least 3, and often 5, times greater than for the 
pressure jet, leaving out of consideration the difference in 
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the japace occupied, complexity of the mechanism and pipe 
coniiect-ions, all in favour of the pressure-jet system of oil- 
tiring. In this is included the steam requisite for the heaters, 
in order that the temperature of the oil may be raised from 
normal to 220 to 270^ F., which is necessary for the efficient 
working of all pressure-jet burners (vide p. 149). 

The necessary apparatus for applying this system to a 
battery of marine type water-tube boilers may be gathered 
from the examples, figs. 78, 81, 82, and 83, the first of wliich 
illustrates a Thornycroft boiler arranged with Schutte- 
Korting pressure burners ; the second, a Clarke-Chapman 
boiler provided with Wallsend burners to work on the 
pressure oil system ; while the third and fourth examples 
illustrate water-tube boilers of the Yarrow type, one fitted 
with apparatus on the Wallsend, and the other on the 
Kermode system of oil-firing with pressure-jet burners. 

In regard to mixed firing, Bertin of the French Navy 
states that the main advantage of mixed firing lies in being 
able to obtain at will a large increase in the power of the 
boilers, as the combustion of liquid fuel does not in any 
way prejudicially affect that of coal. It is therefore not 
correct to consider the evaporative power of coal as 
identical when passing from ordinary to mixed firing. 
Admitting this as a principle, and supposing the (juantity 
of water evaporated by the coal to be constant, the extra 
evaporation due to the better mixing of the gases is 
credited to the oil fuel. As a case in point: — On the 
Fnrieux, after a trial with coal alone, when 18*8 lbs. of 
coal were burnt per square foot of grate per hour, two 
trials were made of mixed fuel with different proportions 
of oil, when 21 '3 and 21*7 lbs. of mixed fuel were burnt. 
The results of these trials, which were carried out under 
similar conditions, are as follows : 
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Fig. 83. —Midship sections showing arrangement of Kermode oil-burning apparatus (pressure-jet system) for 

Yarrow marine boilers. 
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In the last trial, the efficiency for oil fuel when burnt 
in conjunction with coal is higher than when burnt alone. 
This ought to be the case under favourable conditions with 
mixed firing, but it is not always so. On a trial at 
Cherbourg, with mixed firing and Godard boiler, trans- 
formed for mixed combustion, with a high rate of forced 
draught and oil burners not properly arranged in the 
furnace, the efficiency b was inferior to that of a for coal 
alone. Although actual evaporative trials are scarce, com- 
bined engine and boiler trials, giving the consumption per 
horse-power with mixed firing or with coal alone, are, on 
the other hand, plentiful. These trials may serve as bases 
of comparison, always assuming that the calorific value of 
the coal remains constant. 

If C be the consumption of coal per indicated horse-power 
when burnt alone, and c and p the consumption of coal and 
oil per horse-power when mixed, the quantity of oil jo, 
which will produce 1 h.p. per hour, will be C~r, and as 
the calorific efficiency is inversely proportional to the 
amount of coal necessary to do a given amount of work, 
we have 



This formula only holds if the two trials, alone and mixed 
firing, were carried on at not too high a rate of forced 
draught. Generally, a high rate of forced draught is not 
favourable to the use of oil fuel, and the ratio of p to c 
should be decreased as the rate of combustion increases, if 
the efficiency R is to be greater than 1, that is to say, if 
mixed combustion is to show a gain over the combustion 
of coal alone. There must exist for each rate of forcing a 
latio between p and c which corresponds to the minimum 
value of the total consumption per horse-power, p-fc, and 
another ratio corresponding to the maximum horse-power 
that can be developed. The number of complete trials that 
have been made is not sufficient to determine definitely 
the laws relating to mixed firing; the following table, 
however, which is a resmTiJ of trials made with a loco- 
motive boiler on a torpedo-boat, may be consulted with 
interest: — 
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Ist Series. 

2nd Series. 

Srd Serlfli. 

Air pressure — 


I'O, 10, 1-14 


ins. of water « • 

Coal alone — 

0 6, 0-51, 0*47 

1-97 

lbs. per h.p. hour, c , 
Coal — 

2 99, 2-99, 2*99 

3*02, 3-02, 8-02 

3*87 

lbs. per h.p. hour, c . 
relrolcum— 

2*19, 2*04, 1*30 

1*59, 1*61, 1*46 

2*72 

lbs. per h.p. hour, p . 
Total- 

0*85, 0*87, 1*10 

0*90, r06, 1*46 

[ 

0*97 

lbs. per h.p. hour, p + c 

3 04, 2*91, 2 40 

2*49, 2*67, 2*92 

8*69 

b.=9sj 

p 

0*94, 1*09, 1*63 

1*68, 1*88, 1 07 

I 

0*67 


The above table shows that fairly good results can be 
obtained with natural draught, or at very moderate rates 
of forcing, wlien burning slightly less oil than coal. Thus, 
with natural draught, when burning 16*4 lbs. of coal per 
square foot of grate per hour, on a combustion of 12*3 lbs. 
of mazout with an efficiency of 1*5, the same power would 
be developed as when burning 34*8 lbs. of coal. Under 
these conditions, mixed firing may, in some cases, replace 
forced draught, over which it has some advantages. 

Probably the most exhaustive naval tests which have 
been made, were those conducted in 1902 by the United 
States Navy Board, under the direction of tlie engineer-in- 
chief of the U.S. Navy, The conclusions which were 
arrived at during these trials are sufficiently important to 
find a place in this book {vide Chapter VII.), where they 
are quoted at some length, not only because they form a 
reliable record of naval practice, but because they bring 
out certain important points connected with the use of 
liquid fuel on warships. The results of the steaming tests 
are also given, together with descrijjtions of the burners 
employed. 

The numerous experiments that have been made by 
several naval powers during tlie past forty years in the 
attempt to use oil as a fuel, show how important this 
question is regarded by military experts. It is now plain 
why success was not at first attained. There was too 
much effort exerted to burn oil in the same manner as 
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coal. It is now realised that the oil should be atomised 
(it is impossible to completely gasify it) l)efore ignition, 
and that the length of the furnace, the volume of the 
combustion chamber, and the calorimetric area are factors 
which must be considered. In fact, it is highly probable 
that it may be found advisable to design a special boiler 
for burning oil. 

The more the liquid -fuel question is investigated, the 
more specialised seems the problem of successfully installing 
an oil-fuel appliance on board a battleship. For the army 
transpoi*t service it has proved very desirable, since a 
supply of oil can be maintained at the several calling 
ports. In regard to the installation of oil-burning apparatus 
on large-powered battleships and armoured cruisers, there 
are three distinct features which must be considered, viz. 
the mechanical, commercial, and the structural. Kegarded 
from two of these view-points, it seems as if “ coaling 
ship” will eventually cease tO be an operation upon the 
war vessel. 

While l)oth naval and mercantile vessels traverse the 
ocean, there is a wide difference in their construction as 
well as in the nature of the duty performed, and this must 
be taken into account in desigxiing the motive plant. 

The problem that confronts every designer of a warship 
is the combination of the greatest speed, armament, and 
ammunition supply, protection, and range of action, in the 
smallest and least expensive hull, and any reduction of 
weight and storage room necessary to any of these qualities 
is a saving which acts and reacts favourably upon the 
problem in a manner familiar to us all. The practical 
figures of comparison between coal and oil fuel realised in 
recent practice are that 2 tons* weight of oil are equivalent 
to 3 tons* weight of coal, and 36 cubic feet of oil are 
equivalent to 07 cubic feet of coal as usually stored in 
ships’ bunkers; that is to say, if the change of fuel be 
effected on an existing war- vessel or applied to any design, 
without changing any of the data other than those affecting 
the range of action, the latter is increased by 40 to 60 per 
cent, upon the bunker weight allotted, and 80 to 90 per 
cent, upon the bunker space allotted. Coal protection, 
whatever its real advantages — a matter upon which different 
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opinioiiB exist, — will per contra disappear, liquid fuel being 
stored below the water-line; but the double bottom and 
other spaces — hitherto quite useless, except for water 
storage — will then be capable of storing liquid fuel, and 
the space now occupied by coal bunkers be available for 
other uses. 

Apropos to the advantages of oil fuel over coal for naval 
vessels, it may be stated here that the evaporation per 
pound of fuel is in the ratio of about 14 to 9, and per 
square foot of heating surface in about the ratio of 10 to 8. 
Oil fuel also can be taken aboard more rapidly, without 
manual labour, and without interruption to the routine 
of the ship. The problem of fueling at sea may therefore 
be considered as solved, it now being quite feasible for a 
warship even in mid-ocean in ordinary weather to rebunker 
300 tons an hour from a tank steamer alongside. Steam 
for full power can be maintained as readily as for lower 
power. A vessel burning oil is capable of steaming at full 
speed for a distance limited only by the supply of the fuel. 
There is no reduction in speed due to clinkered grates or 
to difficulty in trimming coal from remote bunkers, or to 
exhaustion of the fire-room force. There are no cinders, 
and the amount of smoke can be controlled. A consider- 
able reduction in personnel is possible. The weight and 
space required for boilers is reduced : first, by the reduction 
in beating surface required, and, second, by the shortening 
of fire-rooms. Consequent on the reduction in heating 
surface is a decrease in weight and cost of boilers. Coal 
and ash-handling gear is eliminated. This renders un- 
necessary the piercing of the hull for coal trunks and 
discharges from tlie ash expellers or ash ejectors. The 
stowage and handling of oil is much easier than of coal, 
and results in a much cleaner ship, with consequent increase 
in time available for drills. The mechanical supply of fuel 
to the boilers gives a prompt and delicate control of the 
steam supply, permitting more sudden changes in speed 
than with coal, which is a tactical advantage. 

In regard to the use of oil fuel for naval purposes, the 
following abstracts from a statement made in 1913, by the 
British Admiralty, clearly show to what an extent oil* firing 
had already been adopted in the British Navy: — In the 
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year 1909 the first flotilla of ocean-going destroyers wholly 
dependent on oil was created, and each successive year 
since then another flotilla of destroyers burning oil only 
has been built. There were then built and building more 
than 100 destroyers, including coastal destroyers, solely 
dependent on oil fuel. Similarly, during the period 1908- 
1913, oil had been employed in coal-burning battleships 
and cruisers, to enable them to realise their full power in 
an emergency, and towards the end of the year 1911 there 
were more than 150 vessels built and building which were 
dependent wholly or partly on oil fuel. 

It was not possible for fast battleships to be made 
capable of steaming at the necessary speed, having regard 
to all their other qualities, on a coal basis without inflicting 
extraordinary hardship upon the personnel and sensibly 
increasing the length, and consequently the cost, of those 
vessels, which is already greater than that of any other 
vessels built. To increase the length and the present 
dimensions would raise the whole docking problem in a 
new and most formidable shape. Further, the light-armed 
cruisers simply could not be constructed on a coal-burning 
basis ; they would either have to be greatly increased in 
length and displacement, in which case they would become 
too expensive for the number and the service required, or 
else they would lose from 3 to 4 knots of speed, and 
consequently be unfit for the tactical duties for which 
they were designed. Oil has been the only fuel for 
destroyers since 1909, and the increasing speed of these 
vessels renders them all the more dependent on its use; 
oil is now the only fuel used in the British Navy and to 
an increasing extent in all Foreign Navies. 

T}ie um of oil fuel iTistead of coal makes it possihls in 
every tyjyc of war-vessel to produce a ship which will 
fulfil given conditions of speed and amnamenf, of lesser 
dimens'ions and consequenUy at smaller cost than could 
be done with coal. But further than this, the great 
advantages which liquid fuel presents in solving the 
problems of our naval design make it possible to obtain 
vessels of very high speed compared with their dimensions 
— of a speed, that is to say, compared with their dimensions 
which could never be attained if coal remained the only fuel. 
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As regards the question of supply, it may be more ex- 
pensive if not difficult to transport and to store oil than 
coal. The fumes of all petroleum compounds have great 
searching qualities, and therefore precautions have to be 
taken to guard the storage tanks. 13ut as a set'otf against 
this statement, the British Petroleum Oo., for instance, keep 
a store of over a million tons near the Albert Docks on 
the Thames ; then again the Anglo-American Oil Co. have 
a like amount in tanks at Purneet, besides other stores, 
at Avonmouth, Hull, Barrow-in-P'urness, Grangemouth, 
Manchester, Sunderland, Dublin, and several other places ; 
besides which there are several other oil transport companies. 
The British Government, too, have established a large 
number of storage tanks in the Medway, the Humber, at 
Dagenham, Invcrgordon, Cromarty Firtli, Rosyth, Ports- 
mouth, Dundee, Dover, Portland, Pembroke, Haulbowline, 
and elsewhere ; in addition to which, from many of these 
dep6ts pipe lines are laid to other storage tanks further 
inland — e,g, to Selby and from Dagenham. In regard to 
transport, what with the large number of oil-fired and 
motor-driven tank ships that have been built during the 
last few years for the various transport companies, now 
exceeding 350, and mostly British, besides others owned by 
the Government, the question of supply to this country, 
even if entirely dependent on outside resources, is not so 
serious a militarj^ problem as it has been regarded. 

In regard to the density, flash point, viscosity, and freedom 
from impurities required of oil fuel for naval purposes, the 
1910 standard adopted by the British Admiralty specified 
a flash point of 200® F. (close test), and that the oil should 
flow under a 2-feet head through a J-incli copper pipe 
3 feet long arranged horizontally, and at a temperature of 
32® F. ; that the oil should contain only 075 per cent, of 
sulphur, 0’5 per cent, of moisture, and only a trace of acidity. 
Whereas in the 1912 speciflcation, the flash point has been 
lowered, and the sulphur contents allowed made higher, in 
order to cover a number of grades of Mexican and other oils. 
Lloyd’s are also, under their revised regulations, recognising 
a flasli point as low as 150° F. The new specification (1912) 
is as follows : — 

Quality . — The oil fuel supplied shall consist of liquid 
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hydrocarbons, and may be either (a) shale oil, or (h) 
petroleum as may be required, or (c?) a distillate or a 
residual product of petroleum, and shall comply with the 
Admiralty requirements as regards flash point, fluidity at 
low temperatures, percentage of sulphur, presence of water, 
acidity, and freedom from impurities. 

The flash point shall not be lower than 175® F., close test 
(Abel or Pensky-Martens). 

The proportion of sulphur contained in the oil shall not 
exceed 3*00 per cent. 

The oil fuel supplied shall be as free as possible from acid, 
and in any case the quantity of acid must not exceed 0 05 
per cent., calculated as oleic acid when tested by shaking up 
the oil with distilled water, and determining by titration 
with deci-normal alkali the amount of acid extracted by 
the water, methyl orange being used as indicator. 

The quantity of water delivered with the oil shall not 
exceed 0*5 per cent. 

The viscosity of the oil supplied shall not exceed 2000 
secs, for an outflow of 50 cubic centimetres at a tempera- 
ture of 32® F., as determined by Redwood's standard 
viscometer (Admiralty type for testing oil fuel). 

The oil supplied shall be free from earthy, carbonaceous, 
or fibrous matter, or other impurities which are likely to 
choke the burners. 

The oil sh^l, if required by the inspecting officer, be 
strained by being pumped on discharge from the tanks, 
or tank steamer, through filters of wire gauze having 16 
meshes to the inch. 



CHAPTER X. 

OIL FUEL ON LOCOMOTIVES* 

The use of oil fuel on locomotives has made an earlier 
advance, so far as the practical and economic results 
obtained, than in marine work, although in the latter, as 
has been indicated, liquid-fuel practice has made great 
advances. Very close and continuous attention has been 
given to its application to railway work by many engineers, 
notably Mr James Holden, the late locomotive superintendent 
of the Great Eastern Railway — ^the outcome of whose effort 
and application has resulted in the development of an 
oil-burning system which, if not the most efficient and 
most economical available, stands in the forefront in the 
use of oil fuel for locomotives. Progress, however, at first 
has been comparatively slow in this direction; but now 
there is scarcely a single country in Europe that has not 
its liquid-fuel locomotives, while oil fuel has been adopted 
in India, Egypt, Japan, and, of course, America — both 
north and south, especially in the western States, — also in 
Canada, as it is reported from Vancouver that, following 
out the policy announced early in the year 1913, the 
Canadian Pacific Railway is converting locomotives in 
its Vancouver-North Bend service into oil burners, and 
establishing oil tanks on the route to supply the fuel for 
the locomotives, and while oil has been used for some time 
on this line it is planned to extend the system to other 
sections. 

To illustrate the present arrangement of the Holden 
apparatus, a general outline elevation of one of a type 
or single-driver Great Eastern express locomotives is 
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presented (fig. 84), the description of which is as 
follows: — 

A. Taient buriiei‘8 of the construction sliowii in detail in Jigs. 35, 16 a, 16, 

and 17. 

B. Steam fitting supplying dry steam jTrom tbe dome to tlic burners. 

C. Regulating valves oi»eratiiig singly or together. 

D. Oil-fuel pipes conveying the fuel from the tank on the tender to the 

burners. 

E. Oil-fuel tank. 

F. Warming coil used in cold weather to keep the oil fuel sufficiently liquid 

to regulate easily. 

The oil fuel is injected through the front nozzles in a 
semi-sprayed condition by steam admitted from one of the 
fittings. The jet supplied by this is of annular formation, 
and induces hot air through the interior from the heaters 
in the smoke-box. To complete the atomising of the fuel, 
a secondary supply of steam issues from a series of fine 
jets arranged round a hollow ring just behind the nozzle. 
These jets induce a considerable volume of free air which 
varies according to the velocity of steam permitted to pass 
the regulating cock, and is injected at angles to deliver the 
atomised fuel equally over the grate area. 

At the International Railway Congress held at Paris in 
1900, Mr Holden stated that the most desirable position of 
the burners could only be arrived at by long-continued 
experiments, and so far the best results have been obtained 
as shown, with the burner eccentric to the holes in the fire- 
box, as this setting of the burners was found to conduce to 
economy in steam at the ring blower jets and to utilise the 
steam to its utmost for air induction. It v^ill be noticed 
that the ring blower attached to the burner is arranged 
eccentrically to the nozzle; that the brick arch usually 
provided on coal-burning engines lias been retained to 
obviate the too direct passage of the products of combustion 
to the tubes and to ensure a thorougli combination ; also 
that the fire-door is provided with a deflector as shown, 
to direct downwards into the centre of the fire any air 
admitted at the fire-door, this practice being common to 
coal- and oil-burning engines. It wdll thus be seen tliat 
all the features necessary to the successful burning of solid 
fuel are retained. 

With regard to the composition of the base or hearth 
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over which the liquid fuel is to be burnt, if coal and liquid 
fuel are to be burnt in conjunction, a thin layer of slow- 
burning coal will be found to be most efficient, with the 
damper of the ash-pan opened sufficiently to give an easy 
draught and ensure a bright fire. In this direction a 
variable blast pipe has been found of considerable benefit 
on the engines of the Great Eastern Railway, when burning 
liquid fuel in conjunction with coal, the opening of the 
exhaust orifice being enlarged by 30 per cent, in area, whilst 
if a return to coal alone is desirable, and a sharper blast 
required, a hinged cap provided at the top of the blast pipe, 
and liaving a reduced area, can be lowered over the outlet, 
and the velocity of the escaping steam increased. 

When li(|uid fuel is used alone, the procedure of working 
is somewhat as follows : steam is first raised in the boiler 
by a wood and coal fire kindled in the ordinary manner, 
and when from 80 to 40 lbs. pressure shows on the gauge 
the fir(‘. is levelled over and covered with a layer of broken 
fire-brick of not more than 3-inch cnbcjs. This covering is 
spread so that it is thinnest about the centre of the fire-box, 
and well packed round the sides and corners. A few pieces 
of waste or wood are thrown in to cause flame, and the 
liquid- fuel spray is started by opening the steam supply to 
the central cones of the burners and admitting the liquid 
fuel through the regulating valves. At first the fire will 
appear dull with probably considerable smoke; V)ut soon 
after adjusting to approximately the requirements of the 
moment, the secondary steam supply is opened to admit 
sufficient steam to the jets of the ring blowers to induce 
the necessary air for complete combustion and to atomise 
and distribute the spray as already described, the fire burns 
with whitened intensity and all smoke disappears. 

The position of the burners relative to the grate will 
appreciably aflect the noise of working. If too high, the 
introduction of the oil spray and air causes a series of 
minute explosions among the products of combustion fi-om 
the fire below, and an intolerable hum ensues, whereas if 
the oil fire is maintained along the plane of the coal fire, 
the action is all but noiseless. 

On the Great Eastern Railway coal tar and its by- 
products have been used as well as petroleum residuals. 
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The means of storage and supply must necessarily be 
conskiei’ablc, and the arrangements at Stratford for this 
purpose are the most complete in Great Britain, and 
consist of a series of underground tanks, having an 
aggregate of 60,000 gallons capacity, arranged to receive 
the oil by gravity from the tank waggons. A small steam- 
driven rotary pump delivers the oil fuel into six large 
cylindrical reservoirs, elevated 20 feet above rail level, and 
having a total capacity of 42,000 gallons. Outlet pipes 
controlled by valves operated from a gallery above conduct 
the oil from these high-level reservoirs to filling posts or 
arms similar to ordinary locomotive water cranes, but 
somewhat smaller, for filling the tanks of the engines 
coming to the depot for fuel. The whole plant is worked 
by four men, one of whom is exclusively employed on the 
night duty of tilling the engines, whilst the other three, a 
chargeman and two assistants, are engaged during the day 
in pumping the oil, emptying the tank waggons, and filling 
any engines arriving for day service. 

A main-line express engine can take 600 gallons of 
liquid fuel in a period of from four to five minutes, and as 
the whole installation is lighted by electricity, with portable 
lamps for the filling arms, it can readily be understood 
that the facilities of distribution are far greater with liquid 
fuel than w’ith any system of coaling, no matter how^ 
mechanical. At tlie country depots where liquid fuel is 
used, it is stored in underground reservoirs and delivered 
to the locomotives by air pressure. The air is pumped into 
the reservoir by the brake pump of the locomotive, the 
driver and fireman manipulating the gear precisely as they 
would if renewing the water supply. The liquid-fuel tanks 
of the locomotive have a fine gauze strainer protected by a 
perforated cylinder of thin metal; this ensures a thorough 
cleaving and filtration of the fuel prior to its entry into the 
tanks, pipes, and burners, and further acts as a safeguard 
against any danger from naked lights, should light oils or 
vapour liappen to be present. This is a precaution more 
necessary when crude oil is used than when residuals are 
employed, and on the Great Eastern Railway, where the 
latter are usually the fuel, the gauze Is emploj^ed more for 
filtration purposes than for the sake of safety. 
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Enjjines similar to that illustrated have frequently made 
the through run from London to Oromcr, 138 miles, in 
175 minutes, with one stop of 4 minutes 7 miles from the 
latter town, on a consumption of 190 gallons of tar oil 
(specific gravity 1*1) equivalent to 14'4 lbs. of bil fuel per 



Fi(i 85.— General arrangement of liquid-fuel burning apparatus (Holden) . n 
four-coupled express engine. Great Eastern Kailway. 


train mile; to this must be added 6 cwts. of coal UH(3d to 
light the fire and raise steam, equal to 5 lbs per mile, or a 
total of 19’4 lbs. per mile. On these journeys from 5 to 6 
cwts. of broken fire-brick (old brick arches) are spread on 
the grate. 

The system used on the Great Eastern Railway has been 
largely adopted in foreign countries: including the 32 
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engines fitted for . operating tbe Arlberg tunnel on the 
Austrian State Railways, and a number of engines on the 
Western Railway of France, the Paris, Lyons and Medi- 
terranean and the Paris and Orleans Companies- Also in 
the Far East numerous locomotives and stationary boilers 
have been fitted on this system. The Holden burner is 
also largely used on the Roumanian State Railways. 

One of the consequences of the 1912 and subsequent coal 
strikes has been a further development of oil as fuel on the 
British Railways- But, in spite of its many advantages, 
it has not, up to the present, appreciably taken the place 
of coal, owing partly to the uncertainty of getting supplies 
of oil in sufficient quantities at a low enough price, and 
partly to the difficulty and cost of fitting the necessary 
apparatus. 

On the Caledonian Railway,^ profiting by the experience 
gained by the Great Eastern Railway, two engines were 
fitted in 1912 with oil-burning injectors. The oil is stored 
in a cylindrical tank holding 520 gallons, placed on the 
tender, and flows by gravity to the two burners, spaced 
about 18 inches apart, which atomise it by a supply of 
steam in the form of a fine spray in the fire-box. A series 
of steam jets from a ling on the burners (vide figs. 
15-17) act on the spray at an angle, -so that it is broken 
up before striking the fire-brick wall W (vide fig. 86), 
which is built up to protect the copper plates, as an 
addition to the customary fire-brick arch A. Two openings 
for the burners are made through the water space of the 
fire-box and lined with bushes F, 4-inch diameter inside. 
These are placed aixmt 8 inches above the fire-bars, on 
which is placed a thin layer of coal or wood fire to ignite 
the spray. Regulating valves S, L, control the supply of 
oil and steam, and ensure perfect combustion. The engine 
can still be fired with coal, if desired, without in any way 
interfering with the liquid-fuel apparatus, which is one of 
the great advantages of the Holden system of oil-burning, 
and wliich, by tbe way, has been recently fitted to No. 10 
express locomotive of the Midland Great Western Railway 
of Ireland, Similar apparatus has also — some years back 
— ^been fitted to No. 61 engine, on tbe Northern Counties 
* The laeoTmtire. 
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Fio. 86*— Locomotive fitted for oil- or coal-burning on the Holden system. 
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and on one of the “306” class, 4 — 4 — 0, on the Great 
Southern and Westem Railways. The Caledonian and 
the Midland Railways have also adopted oil -burning 
apparatus, No. 779, four-coupled bogie express engine of 
the latter being fitted up on the Holden system. The 
smallest locomotive fitted up with a Holden burner — one 
of several for use in Mexico— has cylinders only 6i-inch 
diameter, carries 350 gallons of water plus 150 gallons of 
oil, and weighs complete in working order llj tons. 


r 



Another pioneer in this lino of work was Professor 
Urquhart, tlie late engineer of the Grazi-Tsaritsin Railway, 
iii S.E. Russia. In a paper he read on the subject of liquid 
fuel before the Institute of Mechanical Engineers, in 1899, 
he stated that he had under his superintendence 143 loco- 
motives fired with petroleum refuse, besides 50 stationary 
boilers and some furnaces. The waste residuals used, there 
known as astatki and mazout, had a calorific * value of 
1 9,832 thermal units taken on the higher scale ; therefore 
about 1200 thermal units should be deducted for the latent 
heat of the steam produced in combustion. The calorific 
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value, as fuel, was therefore about 18,600 thermal units per 
pound and the evaporative power 19| lbs. of water from 
and at 212° per pound of fuel. The liighest actual evapora- 
tion obtained was 14 lbs. per pound of oil, at 125 lbs. per 
square inch, from 60°. This would be equivalent to 16*8 
lbs. from and at 212°; but from this, of course, must be 
debited from 0*8 to 1 lb. for the burner. 

Again, if the steam were not dry, then the real would 
be less than the apparent evaporation. It should be noted 
further that, in a locomotive with iron tubes, the evapora- 
tion is given as 12J lbs. per pound of oil, and this is stated 
to be “the ordinary practice of locomotives.'* Urquhart 
also said that at a printing w^orks at Moscow, with a 
stationary boiler of locomotive type, an evaporation equal 
to 13 1 lbs. per pound of oil had been obtained. 

In figs. 88 and 89 are illustrated the necessary modifica- 
tions of ordinary passenger and freight locomotives to 
bum oil on the Urquhart system. 

A modified form of the Urquhart burner is also employed 
on the Madura street tramways in the Duteli Indies. The 
oil is supplied by the Dordtsche Petroleuiii Company, and 
is of a somewhat viscid character. In order to warm up 
the residue and so increase its fluidity, a pipe is coiled 
around the sieve in the reservoir, which pipe can be supplied 
with steam from the main boiler by turning a ccx;k from 
the suppleinentaiy boiler by means of a pipe and a three- 
way tap. The water conden.sed in the coiled pipe can be 
blown off on to tlie wheel rims in order to reduce tlie 
amount of wear. The actual burner is placed below the 
iron fire-box, and is bolted on to the ash-box. The oil-fuel 
pipe leads into the side of the burner, and the stciim-pipe 
into the top. The steam may be either obtained from the 
main boiler or from a supplementary boiler. 

For simplifying the service, an equilibrium valve set at 
5 to 6 atmospheres pressure, and controlled by a pressure 
gauge, is fitted to the pipe conveying steam to tlie burner. 
Between the boiler and this valve is a strainer (readily 
accessible for cleaning), which retains all solid matter (frag- 
ments of wood, atone, etc.) carried by the steam. The supply 
of fuel is regulated by a hand-wheel mounted at a con- 
venient height on the boiler and controlling the feed cock. 
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The results furnished by these locomotives were very 
favourable. The charging of the reservoir with 66 gallons 



Fio. 89. — Arrangement of freight locomotive fire-box (Urquhart- 
Verderbm* system). 

of residuals occupied 15 minutes, the fuel being warmed up 
by steam from a supplementary boiler to 45^* C. 

According to Profevssor Unjuhart, the cost of transforming 
a locomotive burning coal to one capable of burning oil on 
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his system amounts to £40; this is the sum which he 
himseJf expended on the conversion of a six- wheeled engine 
on the Gre;zi-Tsaritsin Railway in Russia; but this was 
more than twenty years ago, and is no criterion of the 
cost there now! In an eight-wheeled engine, in which 
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coal was 55 tons of oil, while in the eight- wheeled engine 
50 tons of oil displaced 100 tons of coal. 

In oi’der to satisfy themselves that fuel oil was as well 
adapted as coal for firing locomotives having to traverse a 
mountainous country, the Jajianese Government ordered 
tests to be made on its Shin-Yetsu line. The results of 
this test were considered as satisfactory as those made on 
roads traversing a comparatively level country. The fuel 
oil used came from the district known as Northern Echigo. 
The Japanese Government are now also using oil fuel on 
the Tokaido line, as a portion of this line runs through the 
Hakonc passes, where there are many tunnels, which cause 
the heavy smoke and gases from the coal burned in the 
engines to accumulate unpleasantly. 

The Ohugwai Shogyo and other lines are having their 
locomotives converted from coal to oil firing. 

Turning now to American practice, we find quite a 
number of examples. Of these, the W. N. Best is perhaps 
the most used; this is shown in fig. 91, arranged in a 
G-wheelcd engine, and in fig. 92 for a heavy 8-wheeled 
engine, in which the depth of the ash-pan permits of the 
spray being injected beneath the fire-box block ring. In 
this engine there is a very considerable setting of fire- 
brick lining used ; so much so, indeed, that the sides of 
the fire-box are not surrounded by water, the endeavour 
being to obtain a very high temperature of the combustion 
chamber. 

In figs. 91 and 92 are illustrated designs of locomotive 
fire-boxes employed on the IjOS Angeles and Tehuantepec 
Railways ; in both of these the oil is injected by a steam-jet 
burner arranged below the fire-box ring, the latter also 
resembling the Verderbur furnace (Hungarian State Rail- 
ways) in that the lower half of the fire-box is not water- 
jacketed, but fitted with an extra depth and thickness of 
brick lining which, with the heavy arch used, entails 
considerable expense in renewals, according to the state- 
ment made by Mr Louis Greaven, the late locomotive 
superintendent of the Mexican State Railways, who has 
tried several designs of furnace setting, some having an 
inverted arch floor and others flat. The arrangements, 
also, for the supply of air have been varied to a considerable 




Fig. 92. — Steani'jei burner ( Best). 

On eacli of tliese railways the W, N. Best burner, in 
which the oil channel is below the steam atomiser instead 
of above it, is used, and is now one of the systems being 
tried on the Paris, Lyons and Mediterranean Railway, 
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so that it can be quickly removed i£ the steam passages 
become stopped. There is also an automatic release valve 
for draining the steam pipes and passages when the burner 
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IS not in use. A spiral spring acts to raise this drainage valve, 
which remains open until steam is turned on in the burner, 
when it closes automatically, so preventing water from 
reaching the refractory walls and arch and injuring them. 

Among the locomotives at the Ghent (1913) International 
Exhibition there was a 0 — 6 — 0-(-0 — 6 — 0 Garratt loco- 
motive, built by the Soci6t4 St Leonard, for the Congo. 
The boiler of this engine — which is oil-fired — is suspended 
between two six-wheeled bogies, over one of which is 



Fio. 95. — Fire-box of oil-fuel locomotive (Baldwin). 


mounted the water tank and over the other the oil tank. 
The Garratt burner is described in Chapter VI., fig. 25, and 
as used on the Lima Railways, Peru, is quite easily detach- 
able, so that, in the event of the supplies of oil failing, coal 
can be at once used. 

In the United States oil-firing has made considerable 
progress in recent years, and in this connection is illustrated 
the fire-box of a small “Mogul*’ oil-fired engine, fig. 95. 
In this, winch is 50 inches long by 25 inches wide inside 
the brickwork, the ash-pan, or what would be the ash-pan 
in a coal-burning locomotive, is lined to a height of about 
29 inches with a 4.1-inch brick wall, except at the tube 
plate towards winch the burner is directed. The tube 
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plate is fitted to a 9-iiich fire-brick wall surmounted by 
a brick arcVi, and the ash-pan with a layer o£ 2|-inch 
fire-bricks and two openings for air, one 12 inches by 
8 inches at the front and the other 6 inches square just 
below the burner, which is placed below the mud-ring at 
the back o£ the fire-box. The burner, which is of the 
drooling type,* is of extremely simple construction, and 
consists of two chambers one above the other, the oil 
coming through the upper chamber and the steam through 
the lower; these terminate in two wide horizontal slots; 
through the upper slot the oil flows in a film, which is 
turned into a spray by the blast of steam through the lower 
slot (ride p. 73). The Baldwin Locomotive Works* rule is 
to make the slot 1 inch wide for each 100 square indies of 
cylinder area. 

On the Southern Pacific system, on which over 1000 
locomotives are of the oil-burning type, the oil is carried 
in tanks built to fit the coal space in the tender. Additional 
flat tanks when required are placed over the coal space or 
back of it. Gravity supply is depended upon througli 
flexible pipes to the locomotive. Each system of oil tanks 
on the tender is provided with a gauge board or scale from 
which the fuel records are kept. 

The burner used is of the flat-jet type, consisting of a 
casting divided longitudinally by a partition over which 
the oil Hows as it is admitted to the upper cavity. The 
lower cavity receives the steam for the jet which strikes 
tlie oil flowing over the partition, spraying it into the 
furnace. The aim is to atomise completely the oil near the 
burner tip in order that it may be immediately vaporised. 

The steam for atomising is obtained from the dome, and 
is available at full boiler pressure of 200 lbs. through a 
suitable regulating valve. Compressed air, also, has been 
use<l experimentally, and for some time in combination 
with a form of burner that delivered air inductively to the 
burner itself. Other tlian by a localisation of heat at the 
point of the burner, no benefit could be found by tests with 
air mingled witli tlie steam in this way. Atomisation with 
compressed air is undoubtedly of value under certain con- 
ditions, but is liable to produce locally in the furnaee a more 
intense heat than is desirable. With the steam jet the oil 
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is sprayed and broken up so as to allow the air admitted 
through proper dampers to mix and the oil to be consumed 
completely without damage to the sheets. Tests on 
Southern Pacific locomotives show that temperatures 
ranging £rom 2500° to 2750° F. are obtained, the latter 
being the highest observed. 

The method of fitting a locomotive fire-box f6r oil-burn- 
ing is shown in fig. 96. Fire-bricks, the most refractory 
obtainable, are placed at the lower side of the fire-box 
plates to prevent impinging of the oil blast against the 
sheets. No more briefes than are necessary for the purpose 
are used. The most refractory bricks melt out in a com- 
paratively short time — not from an intense degree of heat, 
but from the fluxing agents introduced with the oil, 
especially salt or other alkalies, with which California 
petroleums are associated. ^ 

According to the experience of this Company, fire-box 
repairs to oil-burning locomotives d® not exceed those of 
coal-burning engines; but a greater depth of fire-box is 
more essential for economic oil-burning than for coal. If 
combustion is not approaching completion when the gases 
enter the flues, the vapours in process of combustion fall 
in temperature below that required for oxidation of the 
carbon, which is precipitated as soot or black smoke. 
While this is a common phenomenon of smoke production 
with any fuel, it is more in evidence with oil than with 
solid fuel, where there is nothing to burn but volatile 
combustible. Lack of oxygen is generally supposed to be 
the cause of smoke, but lack of proper temperature re<juired 
for chemical combination is as often, if not more often, tlie 
cause. The lack of sufiicient fire-box volume is the common 
cause of smoke in oil-burning locomotives when the greater 
demands are made on the boiler for rapid evaporation. The 
deposit of soot upon locomotive flues is a common difficulty 
and calls for the regular operation in service oE sanding the 
flues. Soot is a poor conductor of heat, and the steaming 
quality of a locomotive rapidly falls off' when flues become 
lined with soot. The operation of sanding consists in 
dropping a reverse lever, if possible while the engine is 
running, pulling the throttle wide open, while the fireman 
puts a few cupfuls of sand through the opening in the fire- 
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Fig. 98.— Southern Pacific locomotive fitted for oil-burning; 
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door, the draught carrying the sand through tlie flues and 
ridding them of soot, the operation being repeated if 
necessary. A supply of sand is carried on the foot-plate 
for this pui-pose. 

In oil- burning the factor of grate surface disappears. The 
grates are bricked over, and air admission regulated through 
openings and proper dampers. There is no function cor- 
responding to grate surface such as used in connection with 
coal-burning. Only the iteun of heating surface remains 
on which to base comparisons. 

The rate of combustion in a locomotive, like other 
functions, depends on the service and size of the machine. 
While the principles of combustion do not vary in locomotive 
boilers from those in stationary service, there is a wide 
variation in the rate of steam production, independent of 
the kind of fuel used. With the mcKlem locomotive in 
main -line service the demand for steam at full pressure 
per unit of heating surface far exceeds, in point of time, the 
product of a stationary boiler. The demand on the loco- 
motive is intermittent and conditions vary from an enormous 
rate of steam proiluctiou, when working at a rate of maxi- 
mum effort, to one of comparative rest. A large number of 
locomotive tests have been made by the Southern Pacific 
Railroad, covering the Use of fuel oil, as well as in comparison 
with coal. The accompanying table shows evaporative 
results on most recent tests, covering about the heaviest oil- 
firing wliich we have, crossing the Sierra Nevadas. 


Class of engine 




. 10- wheel 

Service ..... 




. Passenger 

Date of test .... 




. May 21 and 26, 1908 

Number of single trips in test 




. 2 

Total time of lest . 




. 17 hours 39 mins. 

Actual ruiming time 




. 1 3 hours 55 mins. 

Miles ntn .... 




. 315 

Average steam pressure (gauge), Urn. 



. 196*0 

Smoke box temperature, b. , 

. 



. 797 

Total gals, water evaporated . 

. 



. 44,147 

Total lbs. water evajw>rated . 

• 



. 367,642 

Total gals, oil burned . 

, 



. 3951 *6 

Total lbs. oil burned 




. 31,613 


Equivalent cva]»oratioii, 11)S. wator pur lb. oil . 14*14 

Lba. water evaporated per square foot heating surface 

per hour 

Lbs. oil burned per square foot beating surface per 
hour ....... 


8*698 

0*748 
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Number of cars in traiu 7 

Weight of train, tons 342 

Gross ton mileage U)7 , 730 

Gals, water evaporated per 1000 ton miles . . 40979 

Lbs. water evaporated per 1 000 ton miles . . 3413 

Gals, fuel oil burned ])er 1000 ton miles . . . 34*90 

Lbs. fuel oil burned per 1000 ton miles . . . 279 ’20 

Boiler efficieucy, per cent. . . . . .73*84 

Ma:}cimum i.h.p . 1719 

Meani.h.pj 1368 

Engine number 231 

Size of cylinders, ins . 22 x 28 

Diameter of diivers, ins 63 

Total weight of locomotive, lbs. .... 203,800 

Weight on drivers, lbs 160,000 

Weight of tender, lbs 138,070 

Total heating surface, square feet .... 2994 


Note . — Train weights are the average for the distance hauled and are 
exclusive of engine and tender. Tests made under ordinary service conditions. 
Engines unaided. In water evaporated and oil burned per square foot 
heating surface per hour,” the figures are for actual running time ; the 
allowance of 16 gals, of oil and its equivalent in water is made per hour wliile 
standing. In “ gals, and lbs. oil p€*.r lOOO’tcm miles ” a deduction is made of 
16 gals, per hour while standing and 3*6 per cent, of oil for evaporating steam 
for atomising oil. Quantity of oil burned corrected to normal temperature 
of 70” K, All measuring instruments calibrated. Analysis of fuel: Kern 
llivcr oil ; gravity, Ih'S” Benume ; flash point, 230” F. ; fire ])()int, 278” F. ; 
commercial weight, 8 lbs. per gal., U.S.A. 

In fig. 97 is shown another example of oiUfiring practice 
followed by tlie Southern Pacific ; here, as in fi^. 90, the 
burner is placed in the front of the fire-box and the spray 
directed backwards. A sort of fire-brick wall is made, 
extending below the fire-box 2 )roper, with walls 4J inches 
tliick, except at tlie back towards which the oil jet is 
direck^d. Tlie back wall is 10| inches thick. Witli this 
arrangement no brick arch is uscm], as the natural sweep of 
the gases from the front of the box to the back, and then 
forward again into the flues, fills the fire-box with ihirne 
and so jirotects the tube ends. In a fire-box 85J inches 
long by 80 inches wide inside the fire-bj*ick, air is supplied 
through an opening 18 inches by 10 inches near the })ack 
of the box. The Southern Pacific Railway arrange the pipe 
supplying oil to the burner thi*oiigh a steam-jacket to cause 
it to flow more freely. In the Baldwin Locomotive Works* 
burner a certain amount of preheating is secured by the 
oil traversing the length of the burner in proximity to the 
steam. 
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For steam raising, whether on land or aSoat, and especially 
on locomotives, oil-burning is now so well established as to 
be able to hold its own with coal wherever the cost of oil 
fuel — compared weight for weight— does not exceed double 
that of coal, including delivery to the bunkers or tanks of 
the boiler yard, ship's hold, or engine tender. Its im- 
portance to British railways therefore, when considered 
simply from the point of view of economy, would not seem 
to be so very great, so long as strictly considered for its 



Fig. 97. — Fire-box of oil-fuel locomotive (Soutliern Pacific Railway). 


relative heating value. But for general industrial purposes 
there are often conditions that should not be overlooked 
when comparing li(|uid with solid fuel which materially 
change the economical aspect, the most important of these 
— whether considered for steam raising or for furnace 
heating — ^being the relative cost of iransj)ort, which, owing 
to the difference in heating value of the two fuels, favours 
the use of oil when either fuel has to be conveyed any 
considerable distance. 

For instance, in the United States we find oil fuel used 
for power purposes on an extensive scale, mostly over a 
comparatively small area, in Texas, parts of Pennsylvania 
and California ; from the fields of the last-named State the 
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Great Northern Railway have now decided to draw their 
fuel supplies for feeding the hundred locomotives or so 
used westwards of Leavensworth. For this pui-pose the 
oil must be first shipped to Seattle, then tanked and 
pumped through a distributing pipe to smaller tanks at 
intervals along the line. Of the other most important 
instances of the use of oil fuel on railways in the States 
may be mentioned that of the Southern Pacific. According 
to Mr Louis Greaven, late locomotive superintendent of 
the National Railroad of Mexico, the cost of fuel per 
train mile with fuel oil brought from Texas at 29s. per 
ton, and coal at 32s. per ton, was slightly in favour of 
oil, viz., 5d. as against 7d. for coal. And, again, on the 
railways of Peru, where fuel oil is considerably used, the 
relative cost, according to Mr H. W. Garratt, was as 8 to 
13, thus showing an advantage in favour of oil approaching 
nearly 40 per cent., when the cost of oil fuel was 458. per 
ton as against 358. for coal. The comparison is, of course, 
more pronounced on the State Railways of Southern 
Russia and Central Asia, where astatki and mazout are 
almost exclusively used, the former drawing most of its 
supplies from the Caspian fields and the latter from 
Ferghana. 

The following is an abstract from a report on an elaborate 
series of tests carried out in 1912 by W. F. M. Goss, D.Eng., 
on a Jacobs-Shupert locomotive boiler in comparison with 
an ordinary radial-stay boiler with oil and coal fuel. 

“The general dimensions of the boiler tested were as 
follows : — 



Jacotis-SbuperC. 

Eadiai-atay. 

Type of boiler 

I&meter of sheU , 

Number of 2i-in. tubes . 
Length of tubes , 

Len^h of fire-box . 

Width of fire-box , . 

Total heating suvfiice , 

Ext'd waggon top 
70 ins. 

290 

18 ft. 2 ins. 

9 ft. 1| ins. 

6 ft. 4| ins. 

3008-4 

Ext’d waggon top 

70 ins. 

290 

38 ft. 2 ins. 

9 ft. 1 4'J ina. 

6 ft. 4| ins. 

2989*3 


“The percentage of the total heat absorbed by the boiler, 
which is taken up by the fire-box, varies with the rate of 
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f jower at which the boiler is worked. It is affected also 
>y the character of the fuel used. 

When oil fuel was fired at the rate of 2200 lbs. an hour : 
“(a) The Jacobs-Shupert boiler evaporated 40,000 lbs. 
of water per hour. Of this an^ount, 1(>,000 lbs. were 
evaporated by the fire-box and 24,000 lbs. by the tubes. 

“(?)) The whole Wler developed 1200 h,p., of which 
amount nearly 500 h.p. wa« developed by the fire-box. 

(c) The average rate of evaporation per fo<jt of heating 
surface per hour the whole boiler was 9 78 lbs. 

{(i) The average rate of evaporation per foot of heating 
surface per hour for the fire-box was 49*59 lbs., and for the 
tubes 6*47 lbs. 

“(e) The ratio of heat absorbed per foot of heating 
surface by the fire-box to that absorbed per foot of tube 
lieating surface was as 7*6 to 1. 

“ When a long -flamed bituminous (Dundon) coal was fired 
at the rate of 4340 lbs. per hour : 

*'(a) The Jacobs-Shupert boiler evaporated 35,405 lbs. of 
water per hour, (J which amount 1 1 lbs. were evaporated 
by the fire-box and 23,428 lbs. by the tubes. 

“(6) The whole boiler developed 1026 h.p., of which 
amount 304 h.p. were developed by the fire-box. 

“ (c) The average rate of evaporation per foot of heating 
surfime per hour for the whole boiler was 11*77 lbs. 

“(f/) The average rate of evajx)rati()n per foot of fire- 
box heating surface was 51*92, and for the tube heating 
surface 8*43. 

“ (c) The ratio of heat absorbed per foot of fire-lx)x heat- 
ing surface to that absorbed per foot of tube heating 
surface was as 6*15 to 1. 

“ Each pound of oil burned resulted in the evaporation of 
from 15 to 13*2 lbs. of water, tlu‘ amount diminishing 
as the rate of power is increased. The thermal eflSciency 
of the tbicobs-Shupert boiler under low rates of power may 
exceed 80 per cent., and even under high rates of power it 
is above 70 per cent. It can bo shown that when the 
boiler is made to evaporate 20,000 lbs. of water an 
hour, it will generate 14*14 lbs. of steam for eacli 
pound of oil burned; also at the same rate of power it 
will generate 8*3 lbs. of steam for each pound of 



212 


. r OIL FUEL. 


Dundon coal burned, so that a comparison of the results 
makes 1 lb. of od in locomotive service equal to 1*7 
lb. of high-gmde bituminous coal.*' 

As before pointed out, the pressure -jet oil -burning 
system is better adapted to a battery of boilers than to a 
single boiler, and it would seem that its application on a 
locomotive (owing to the limited space at disposal for the 
necessary pump, heaters, and filtering apparatus) must 
demand some unusual compensating ^vantage, whether 
due to the more equable diffusion of the flame, greater 
facility for raising steam from all cold, or to the increased 
economy in fuel consumption. However, a design for a 
pressure-] et oil-burning apparatus has been got out by the 
Schutte-Korting Co. for a locomotive in which the com- 
plete plant necessary for firing on the pressure-oil system 
is carried on the footplate. In the illustration, fig. 98, it 
will be seen that a series of spraying nozzles N is used, very 
similar in form to the nipple of a blow-flame burner, the 
main difference, apart from size, consivsting in the heating 
of the oil under pressure, and to an incandescent surface 
for the fuel to impinge against. In this case the com- 
bustion chamber is surrounded on each side and bottom 
with fire-brick setting, excepting for the necessary open- 
ings for the admission of spray and air at the rear end and 
for air at the front end, the supply to each of which is 
controllable by dampers. Oil from the tender is supplied 
to the pipe as indicated, and after first passing through the 
suction heater SH, and either one of the duplicate suction 
filters SF, it is forced by the oil pump SP to the pressure 
heater PH, and thence to one of the two pressure filters 
PF, whence the oil is conducted straight away to the burner 
nozzle N. For starting up from cold, an auxiliary supply 
of gasoline can be conveniently used until a sufliciont head 
of steam is raised to operate tlie pump, which meanwliile is 
arranged to be actuated by a hand lever. 

This chapter dealing with oil fuel in its application to 
the special requirements of railway work may opportunely 
conclude with a few salient remarks on tlie management of 
locomotives running on oil fuel: — Care must be exercised, 
as in coal engines, to raise the pressure slowly. In oil-fired 
engines firing must never be forced on any account, the 
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attending evils being the filling and choking of tubes with 
soot, burning of the inner shell, of the rivet heads, and 
causing the boiler to leak. In case the pressure of steam 
falls it must be gradually restored to the working limit 
by easy stages of increase. On the run, if the engine 



Fig. 98.— ‘Locomotive fitted with Schutte-Kurting oil-burning 
apparatus to fire on the pressure-jet system. 

tends to soot up, the sand blast should be used, care being 
taken to direct the jet above the brick arch. Sanding 
must be repeated so long as black smoke is seen to issue 
from the funnel, since this soot tends to lower the head of 
steam by filling the tubes. An oil fire must not be put out 
entirely till the engine is placed in the shed at the end of 
the journey. In waiting at stations the lire may be reduced 
if the injector is not working. To ensure perfect combustion 
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in locomotives using oil fuel, an accurate combination of oil 
fwid steam is necessary. Heating the oil in the tanks is 
desirable, but when so doing the hremau must open the 
heater at intervals only, and send steam in the tank to 
warm it sufficiently. It is bad practice to steam the heater 
a little continuously; heating the oil ought to be done 
wliile standing as much as possible. Opening the heater 
valve too often will accelerate the condensation of steam 
in the oil tank, and eventually will prevent a regular flow 
of oil. At the end of a trip the fireman must first shut off 
the feed valves and allow the escape of the oil in pipes to 
burner where it is to be consumed; the dampers and 
regulating valves must next be closed. It is iw/portant 
that CCS soon as the feed is shut off the dampers he closed 
down, so as to prevent the adm ission of cold air to the fire- 
box and tubes. 

Great care must be exercised in approaching a manhole 
or vent in the oil tank, on account of the danger from 
explosive gases that may have been generated at a low 
temperature. To find out the amount of oil in tank the 
fireman must use the rod provided for that purpose, carry- 
ing it, if at night-time, to. the light to ascertain the depth 
of the fuel. 



“OHAPTEE XL 

OIL FUEL FOE BOAD VEHICLES AND MOTOB 
LAUNCHES. 

The advantages of oil fuel for raising steam in the com- 
paratively small boilers used for motor loiTies, fire-engines, 
motor buses, steam launches, and the like, are not so 
obvious as when used for larger powers, considering that 
whatever fuel is used the difference in the cost of running 
with small powers is not a matter of very great importance. 
The leading feature in favour of oil fuel in this connection 
is undoubtedly due to the rapidity with which steam can 
be raised, the steadiness with which it can be maintained, 
and the absolute and instant control over the fire, the 
last remark applying more especially to motor waggons, 
and the first to fire-engines. 

The use of oil fuel, however, requires a somewhat more 
ample furnace capacity than when using either coal or coke; 
also it is not desirable that the exhaust from the engine 
cylinder should be led into the funnel when using oil, as 
^he necessary supply of air is automatically induced by 
the burner itself. 

In regard to the best form of burner for this application, 
it would seem that from the point of view of simplicity 
the steam jet is the most suitable, seeing that any higher 
degree of economy that can be obtained with air- or pressure- 
jet burners is of no great moment. But up to the present 
there cannot be said to have been much headway made 
with the use of oil fuel for steam road cars, lorries, or even 
for steam launches. ^ 
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A typical example of steam lorry boiler (known as 
the Sentinel) adapted for oil-firing with a steam -jet 
burner is represented in the elevation and plan views, 
fig. 99. ^ 

In this application a Kermode steam-jet burner, shown 
in detail by fig. 100, is used and will be seen not to widely 
differ from the illustration of this type of burner (fig. 29) 
as used for stationary and locomotive boilers. In its 
application to the purpose now under consideration, the 
burner is fixed at a slight angle in the opening usually 
provided for stoking with coke, and, as this is extremely 
low down, presents another advantage for the use of oil, 
owing to the comparative ease of regulating the fire. The 
most notable difference, apart from the more capacious 
combustion chamber, as compared with a coke-fired boiler, 
is the use of baffle plates on the grate for the purpose of 
diverging the flame upwards and centrally against the 
series of water tubes above. 

The oil valve v (fig. 100) regulator wheel r is con- 
nected up to within easy reach of the driver by a pair of 
sprockets and a short length of chain. Other adjust- 
ments, such as the lengthways position of the flame 
nozzle e by the star nut t, and the inflow of induced air 
by the peiforated strap a, do not require to be changed 
on the road. 

In action, the oil, which may be either kerosene or 
preferably one of the cheaper fuel oil grades such as gas 
oil, enters centrally, and has a whirling motion imparted 
to it by the stem of the oil valve v. Steam enters round 
the hollow cone, shown separately at n, and so preheats the 
oil, thus facilitating its thorough atomisation by the steam 
jvt before admixture with air. 

This same type of burner is shown in fig. 101, applied 
to a Merry weather steam fire-engine, a purpose to which 
oil-firing is more particularly adapted than pcrliaps any 
other adaptation of motor traction, for the reasons already 
stated. The burner J, which is fitted opposite an opening in 
the ash-pan, draws it>s supply of oil through E from the tank 
H, and is supplied with steam from A, the pressure (16 to 
20 lbs. per square inch) being regulated by the valve B. 
A gauge D is provided to show the ^exact pressure under 
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which the jet is working. The tank I is for feed water, 
and the fire-door E for use when required to run with 
coal or coke. 

One objection to jet burners when used for automobile 
purposes is the time required before the baffle block in the 



Flo. 101. — Merryweather fii'e-engine shown arranged for oil fuel, 

furnace can be raised to a temperature high enough to 
obtain complete combustion, although this is reduced when 
compressed air is used at starting. On the other hand, 
when once properly started, a jet burner has the advantage 
over any form of blow-lamp or vapour burner, (1) for the 
reason that a jet nozzle is less liable, to get choked than 
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the nipple of a blow-flame burner ; (2) tliat a jet bunier 
requires no vaporiser ; and (3) can use tlie cheaper brands 
of oil fuel. 

One of the advantages resulting from the use of oil fuel 
is that steam pressure can be maintained with greater ease 
and steadiness Ijhan witli coal, and with an entire absence 
of sparks and flying cinders ; also, less attention is required 
while at work, and no cleaning out on returning to the fire 
station. 

The usual time required to get up steam from cold to 
the working pressure of from 100 to 120 lbs. per square 
inch is from five to seven minutes, for average size engines. 
It is customary to use either a gas or oil pilot burner located 
in the furnace, by which means a steam pressure of about 
20 lbs. can be maintained constantly, two or three minutes 
then sufficing under these conditions to obtain the full 
working pressure ; a gallon or so per twenty-four hours is 
found to be sufficient for this purpose. 

Although limited in heating surface, the transmission of 
heat in thermal units has been proved to be comparatively 
high in boilers of the fire-engine vertical water-tube type, 
the evaporation from cold being lbs. per pound of coal, 
as ascertained on a six hours’ full power test, and from 8 
to 9 lbs. per pound of kerosene. However, owing to the 
reduced weight of petrol-motor fire-engines, these are now 
largely taking the place of steamers, despite the advantages 
of oil-firing. Indeed, it would seem that for automobile 
pui-poses there can be but little or no advantage from the 
point of view of economy in the use of refined burning oil 
of the paraffin or kerosene grades, for, although this fuel is 
flash-proof and obtainable at half the cost of motor-spirit, 
the consumption power for power of a paraffin-fired steam 
motor is practically double that of an internal combustion 
motor using either paraffin or motor-spirit ; despite which 
fact much endeavour has been expended on the perfection 
of paraffin burners during the past ten years or so, most 
of which, almost witliout exception, have been constructed 
to operate on the blow-flame or pressure vap(3ur principle, 
in which the oil is fed tinder pressure through a vaporiser 
situated ovei the flame produced from the combustion of 
superheated oil vapour issuing from a nozzle consisting of 
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an easily removed nipple having a small orifice controllable 
by a pill valve. The difficulty in most of such burners 
is that of preventing the restricted vapour outlet from 
getting more or less clogged from time to time, thus 
varying the intensity of the flame independently of the 
position of the oil regulator. 

It is noteworthy that at the present time, as the out* 
come of considerable experience, many of the makers of 
steam -propelled commercial motor vehicles have abandoned 
this type of burner in favour of an atomiser burner, when 
required to run on oil fuel. Also that for pleasure cars, 
motor launches, and the like, where economy of fuel ranks 
lower down in importance than smooth and silent running, 
steam motors with blow-flame, paraffin-lired generators — 
such as in the Sheppee, Oswego, Stanley, White, Pearson- 
Cox, Gordon, and other cars; the Lune Valley motor 
launches, and the Darracq-Serpollet, Chaboche, and Clark- 
son motor buses, — although still surviving, have for the most 
part been superseded by either petrol or petrol-paraffin 
motors, 

Tlie method of regulating the intensity of the flame in 
kerosene or paraffin vapour burners is generally by a 
long tapered valve under the nozzle, through a very 
restricted aperture in which vapour is forcexl out under a 
pressure of from 30 to 40 lbs. per scpiare inch into the open 
mouth of a mixing tube, thus inducing a current of air 
sufficient to produce a bunsen or blue flame. In the Sheppee, 
Turner-]\1 iesse, Toward, White, and other burners, the vapour 
is blown into a hollow ring- or pan -shaped chamber which 
is perforated with outlets on the upper side, through which 
vapour and air to feed a flame of considerable spread 
issues in a number of streams, after first passing through a 
vaporiser coil or its equivalent. 

A very ordinary type of paraffin vapour burner is illus- 
trated by fig. 102 ; for this it is claimed that an evaporation 
of 15 lbs. of water from 212° F. per pound of pai'aftin can 
be obtained under proper conditions. It is essential, how- 
ever, that a very ample flue and funnel area be provided, so 
that the hot gases may get freely away, otherwise the 
burner, which automatically induces its supply of air, does 
not get sufficient for complete combustion. According to 
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Fio. 102. — Details of Lnne Valley vapour burner. 
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Mr Chas. T. Crowden — who has had a wide experience with 
paraffin burners of this type on motor lorries, fire-engines, 
and motor launches, — when converting a coal- or coke-fired 
boiler to steam with oil fuel, it is necessary to fit a funnel 
of nearly twice the capacity of that found sufficient for 
coal-firing, which, of course, invariably works with either 
induced draught by the exhaust steam, or, in the ease of 
a launch with a condensing engine, with the help of a fan. 
Paraffin burners can be used — it is only fair to add — under 
some of the most trying conditions, with a surprising 
measure of success for small, high-speed launches, where 
obviously a very limited supply of solid fuel could be 
carried, and where the employment of forced draught 
would entail an additional difficulty. 

In order to start a burner of this kind a little methylated 
spirit (by preference) is placed on the tray U in quantity 
about 2 to 3 ozs., and by the time this has burnt out the 
coil will be as a rule warm enough to permit of the paraffin 
being slightly turned on by the regulator wheel w, which, 
on being partly rotated by means of the spindle k and 
crank at its end, moves down the valve n, thus allowing 
vapour to issue from the nozzle opening in the nipple h. 
The flame first impinges on a metal baffle and circulates 
through and around the steel coil v. 

The burner, as shown by the sections, figs. 102 and 103, 
partly occupies the space usually taken up by the ash-pan, 
there being no fire-bars or fii*e-door required, and is thus 
well adapted for the cramped space usually allotted for the 
stokehold of a craft intended for speed. The fuel is carried 
in a drum which is fitted with an air pump for forcing the 
oil through the vaporiser coil and nozzle, the pressure used 
ranging from 30 to 40 lbs. per square inch, to obtain the 
best results. The oil enters at p at the top of the coil, the 
lower end r being connected to the regulator box under 
the nozzle. 

In order to clear an obstruction in the restricted passage 
way for the vapour, the valve is moved up and down 
sharply, the baffle f being usually sufficiently hot to 
prevent the flame from being extinguished. In fig. 102 
the movement to the vapour needle is obtained by a wedge 
at the end of a reciprocating control rod, and in fig. 103 
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by a crank action with rotary control spindle, which is 
freer and easier to work when the gland is screwed up to 
prevent vapour leakage. On the coil becoming choked 
(as happens sooner or later) it can generally be cleared by 
removing and placing it over a fire, and, while still at a 
dull red heat, tapiung the coil all round, when the deposit 
will be sufficiently loosened to be blown out underpressure. 

A considerable degree of ingenuity has been directed by 
Mr Clarkson in adapting paraffin fuel for the boiler of his 
smooth-running motor bus.^ His burner, which is designed 



for using oils of the kerosene grades (paraffin lamp oils), 
ditiers in many particulars from any of the foregoing, 
altliougli constructed upon tlie principle of sup])lyiiig 
paraffin oil under pressure to a vaporiser: oil vapour tl)us 
generated issues in the form of a jet and is then mixed 
with air — on the bunsen principle. 

1'lie main fuel supply is caiTied in a tank which is not 
subjected to pressure, and can tlnu-efore be replenished 
quickly at any time without extinguishing the burner. 
The paraffin is pumped from the main tank iiito a pressure 
tank of solid-drawn steel, which is about half full of air. 
This forms a cushion, wliicli equalises the ilow, and keeps 
^ The National Motor Onmihus Co. 
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the burner fed when the car is standing and the pump is 
not delivering oil. The surplus oil delivered by the pump 
escapes through a sjjring-ioaded relief valve set to about 



FlO. 104. — Section of Lune Valley water-tube boiler sliowing 
airangcraciit of parattin burner. 


40 lbs. pressure per square inch and returns thence to tlie 
main tank. To prevent loss of pressure by leakage through 
the relief valve when standing, a lock-up valve is provided, 
which, when closed and with the burner out of use, will 
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retain the pressure for long periods ready for the next 
lighting up. The air cusliion in the pressure tank grad- 
ually diininislies with use, by foaming or absorption 
into the oil, and is replenished by a few strokes of a Jiand 
pump before starting each morning. 

The oil supply to the burner (fig. 105) is connected with 
the lower end of the vaporiser coil ; whence from the upper 
end the vapour is conveyed to the jet nozzle, the area of 
which is regulated by a wedge-shaped needle. This needle 
performs a dual function in assisting to keep the nozzle 
clear of obstruction, in addition to controlling the supply 
of vapour to the burner, and thus determining the size of 
the flame. The rate of combustion is governed not by the 
supply of oil, but by the supply of vapour. This is found 
to be more convenient in securing a proportionate admixture 
of air with the vapour for complete combustion at all rates 
of consumption, from the minimum to the maximum, and 
at all intermediate rates. The jet of vapour is directed 
along the axis of an inducing or mixing tube. One end 
of this tube is open to the atmosphere and the other 
delivers the mixture of vapour and air into the centre or 
body of the burner, in which a small pressure is maintained 
by the force of the vapour jet. This pressure in turn is 
derived from the pressure of oil in the supply tank. It 
follows that the pressure must be maintained practically 
constant to ensure regular results in the working of the 
burner. The niixture of vapour and air is permitted to 
escape from tlie body of the burner through a series of 
circumferential slots, the opening of which is controlled by 
a piston valve. 

To obtain a correctly regulated supply of mixture it is 
necessary to form the jet nozzle either square or rec- 
tangular in shape, and to control the opening by a w^edge- 
shaped needle having parallel sides which fit accurately 
into the nozzle. Then, as the wedge is moved to and fro 
in the nozzle, the area is diminished or increased in one 
dimension only, instead of in two, as would be the case 
with a circular orifice. This method of x arying the area 
for the escape of the fuel mixture in strict accordance am 
simulfaneously with the sxipply of vapour to the burnei 
overcomes the serious difficulty of “ back-firing” or light 
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ing back/* The simple explanation is that the velocity 
of efflux of the vapour mixture is maintained always in 



Fio. 105. — Diagram showing the Clarkson vapour burner applied to 
the boiler of a motor bus. 


excess of the velocity of the propagation of flame. Hence 
the flame is kept outside of the burner. 

Subdivision of the mixture is obtained by delivering 
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it through a series of slots which facilitates the access of 
air to the flame by providing a number of air passages. 
Originally six slots were used, but better results are 
obtained with thirty. The flame, which is in the form of 
a basin, is received and steadied by a conical frustum, 
which becomes incandescent. This shelters the flame from 
irregularities in the air supply, and its radiant heat is 
focussed upon the vaporiser, situated within the hollow of 
the flame. 

It is important to maintain the temperature of the 
vaporiser as evenly as possible, in order to ensure the 
vapour being supplied to the burner at constant density. 
This has an important bearing upon the intensity and 
regulai-ity of the flame; a cooler vaporiser produces a 
heavier vapour which readily condenses, and which, by 
enriching the mixture, tends to the production of a luminous 
ilame ; and if cooled excessively causes the burner to smoke. 
When the vaporiser is heated too fiercely, the superheated 
vapour, being more highly expanded or attenuated, reduces 
the richness of the mixture, and tends to the production of 
a reddish flame of great local intensity. The total heating 
power of the burner is also reduced oy unduly superheat- 
ing the vapour, owing to the reduced weight of vapour then 
escaping through the nozzle; lighting-back is also caused, 
and the vaporiser soon becomes fouled by carbon deposit 
obtained by dissociation of the vapour. Excessive local 
heating of the vaporiser also causes the burner to surge, 
coupled with local interior fouling and exterior oxidation. 
It is preferable to make the vaporiser with a regular slope 
upwards, from the point where the paraffin enters, up to 
the highest part, whence the vapour is conveyed to the 
jet nozzle. 

In order to start up the burner it is necessary first to 
heat the vaporiser to the working temperature, then to 
turn on the oil supply, and apply a light to the mixture. 
Preliminary heating is quickly done by a cast-iron starter 
box, containing several asbestos wdeks, which are satir*ated 
wdth paraffin and readily ignite from a makffi. A current 
of air is blown into one side of the box, and into the other 
side a strong flame. The end of the flame is directed 
against the body of the burner, and in close proximity to 
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the mixer slots, sp as to ignite promptly the vapour 
mixture as soon as it comes through. This arrangement 
will start the main burner in one minute or so, and the 
omnibus can move by its own steam in ten minutes from 
“ all cold.” 

In the Pearson-Cox oil-fired steam car,' a three cylinder 
single-acting engine K (fig. 107) is supplied with steam 
generated in a tubular boiler E, under which is located a 





Fig. 107. — Diagram of Pearsou-Cox keroi^cne- fired generator applied 
to a steam-driven niutur-car. 


paraffin vapour burner, consisting of the vaporiser coil C, 
one end of which is connected to a fuel reservoir maintained 
at a pressure of about 38 lbs. per square inch by a small 
air pump, and the other end to the burner nozzle shown 
in detail in tig. 108. Below the vaporiser is a slotted wind 
shield A, and tray B, the latter for starting. The fumes 
of combustion are drawn by a fan H from the generator 
casing I) through the flue F, into which the engine 
exhausts at L, a radiator M being also provided for con- 
densing part of the steam. But the most interesting 
feature is the burner ^ in this, it is claimed that the paraffin 

* I'he Autocar. 
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is never heated beyond 500® F., and therefore no cracking 
or decomposition takes place ; also that vapour leakage is 
rcduc(id to a minimum by reason of the enclosed needle- valve 
control C D, which lends itself for locating the gland on the 
spindle D, which has only a small rotary movement, instead 
of on the valve stem, and in consequence there is no tendency 
for the vapour valve to stick fast. Now, as the taper needle 
C causes the flow of vaiiour to spread as soon as it leaves the 




Fig. 108 , — Details of Pearaon-Cox burner nozzle, 

nozzle A, a comparatively diffused flame is tlie result — quite 
siifflciont for standing but not enough for running. Conse- 
quently a secondary nipple nozzle B is fixed like the arm 
of a lever on a rocking shaft that can be actuated through 
the usual lever arrangements by the driver, so that it can 
he swung over and come on top of the primary nozzle A. 
Though the nipple nozzle is of the same diameter as the 
other, the upper corner, so to speak, of its bore catches the 
flow of vapour just as it is spreading, and not only prevents 
dispersal, but tends to concentrate the jet. The effect, 
indeed, is mucli the same as that of a choke bore gun ; the 
flame is prevented from spreading, dihd,. being concentrated, 
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is longer, able to reach higher, and take effect upon the 
upper tubevS of the generator. Without the nipple nozzle 
and with the burner turned down low, with the car stand- 
ing, 1'5 pints are consumed to the hour, while with the 
nipple nozzle in the position shown, and burner full on, the- 
consumption works out to 2*27 gallons an hour, which is 
capable of steaming an average car from 12 to 14 miles to 
the gallon of paraffin, according to road conditions. To start, 
the cold oil spray issinng at pressure from the jet can be 
ignited without trouble, and in a minute or two the 
vaporiser is hot enough for the jet to burn without smoke. 

As will be seen, the problem of designing an oil burner 
suitable for the very exacting conditions demanded for 
success in the running of steam-propelled road vehicles is by 
no means as vsimple as may at first siglit appear, and, judging 
from the research and keen attention that has been directed 
towaixis the solution of the burner problem, it would seem 
that the generation of steam for the comparatively small 
powers required by the automobile — whether in a flash, 
semi-flash, or ordinary type of boiler — presents difficulties 
of a nature not experienced in any other application. 

The burner illustrated in fig. 109 departs from tlie 
usual practice, both in form and method, as followed in 
burners of this kind. In this blow-flame (paraffin) burner, 
known as the Werner, the vaporiser consists of an inverted 
hollow cone-shaped casting provided with ribs on the outside, 
and is supported by a tubular stem from the distributor con- 
taining a pair of vapour nozzles, so as to act as a diffuser 
for the flame produced. Within the outer tube A — used to 
connect the top of the vaporiser by means of tlie tube C 
with the distributor branch caiTying the two nozzles D, 

— there is a smaller tul)e F for the supply of paraffin. 
The outer stem A is plugged at its upper end, this being 
drilled to receive two small tubes C and F, the one extend- 
ing upwards to within a short distance of the top of the 
vaporiser to supply the two nipples IX with vapour, 
and the other tube F downwards for the supply of oil to 
the bottom of the vaporiser. The novel feature of this 
burner consists in tilling the vaporiser with metal shot (pre- 
ferably copper), up through which the oil in the proccvss 
of being vaporised steadily percolates; and as the area for 
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tlie passage of the vapour increases as it rises and expands, 
surging — which is a common fault with most blow-lamps 



Fi«. 309,“Weni«r Uvitj-jet blow flauio }>aiafiiii burner. 


when not subjected to the right treatment - -is prevented. 
Each nipple or vapour nozzle is fitted with a needle valve 
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E, in oriler that the apertures for the vapour jets can be 
regulated, and permit same to be cleared at any time. 

Owing to the fact that the oil while passing up through 
the vaporiser is very little in actual contact with the 
inner surface of the cone, the outer may be heated to dull 
redness without cracking the oil, and consequently produces 
little deposit ; the interstices between the shot are also auto- 
matically maintained by the vibratory action of the motor 
and vehicle in motion. 

But the most important feature associated with the 
Werner burner consists in the method adopted for feeding 
the oil. Unlike all other burners operating on the blow- 
flame principle, in which the fuel (paraflin or kerosene, such 
as used in wick lamps) is supplied at constant pressure, the 
fuel feed in this burner is effected by a miniature variable 
stroke pump similar in construction and action to the form 
of pump used for supplying the water feed to a flash boiler ; 
and in this case the burner and steam generator pumps are 
arranged to synchronise, so that the intensity of the flame 
is caused to vary in clowse degree with the volume of water to 
be evaporated. Between the burner vaporiser cones and the 
lower row of tul)es of the steam generator there is a thick per- 
forated fire-brick screen that serves the double purpose of not 
only equalising the intensity of the flame, but stores suflicient 
heat to automatically light the burners if extinguished from 
any cause, or even after being closed down for some time. 

For small launches and pleasure boats many attempts 
have been made to improve on water as the evaporative 
medium by a liquid of lower latent heat value, such as 
ammonia, alcohol, or mineral spirit. Theoretically, a higlmr 
rate of evaporation can be obtained by tliis means owing to 
the lower temperature range, less heat escaping up the 
funnel, to the condenser, and by radiation. In practice, 
however, such leakages of vapour occurs from imperfect 
joints and fittings tliat not only may the eflicieney be 
lower but fraught witli actual danger, especially in a 
closed engine-room. Power development has consequently 
not mode much advance in ihis direction, the only 
notable application on ibis principle on record being the 
Yarrow-Zephyr, Eseber-Wyss. and a few other motK>r boata 
made before the perfecting of the high-sj>o(‘.d petrol motor. 
In most of these, known as vai^our motors, a vertical 
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3-cylinder reversible engine having' a comparatively large 
feed-pump was used in combination with a tubular generator. 
As efficiency depends on low boiling temperature it is neces- 
sary to use a liquid of high volatility in the generator to 
obtain the full advantage, although ordinary paraffin can 
be used in the burners. The possible economy in running 
a vapour motor over that of steam is but small, the principal 
gain being the time required to get under way. 

The tendency at present, however, in regard to liquid 
fuel for motor- boats, road vehicles, field tractors, and small 
stationary engines is more and more towards the use of 
internal combustion motors, owing to their reduced weight, 
more automatic operation, and gi-eater economy ; so pro- 
nounced is this, indeed, wdth motors run on the more 
volatile grades of liquid fuel — such as petrol, otherwise 
known as benzine, essence, or gasoline, and constituting 
the lighter products of crude petroleum — that despite the 
fact that its cost has more than doubled since the war, and 
coats more than twice as much as the flash -proof grades 
known as lamp oil, kerosene, paraffin, etc., of which the 
supply is equal to tlie demand, the spirit series are preferred 
to the safer Hash-proof series for pleasure cars, and indeed 
for all motor vehicles used in towns, owing to its greater 
cleanliness and peculiarly adaptable nature to the require- 
ments of a simple form of motor. 

It is estimated that the world’s consumption of motor- 
spirit now exceeds upwards of a million tons, apportioned 
as to 450,000 tons in the United States of America, 300,000 
in Europe (280,000 in Gr(*at Britain, and 120,000 tons in 
other countries), of which all but about 5 per cent, of 
benzole — distilled from coal-tar oil - and IcvSs than 1 per 
cent, of alcohol — such as methylated spirit — ai-e derived 
from crude petroleum, of which the spirit series consti- 
tutes from 3 to 20 ]>er cent. Owing, however, to the 
inflammable nature of motor-spirit, the utmost impor- 
tance attaches to care in its use and storage, especially 
having regard to the fact that in Great Britain alone 
there are over 500,000 motor-cars, commercial vehicles, 
motor-cycles, motor-boats, and aeroplanes, besides many 
thousands of petrol-motors ustjd fpr lighting and general 
purposes. In this country the necessity for this was 
early realised, and within a year of the passing of the 
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Locomotives on Highways Act, in 1896, a regulation was 
issued by the Secre^ry of State as follows : — 

1. That the amount of petrol stored shall not exceed CO 
gallons, including that contained in the tanks of the car, in 
any one storehouse, 

2. In the event of a storehouse being within 20 feet 
of any other building, whether in the occupation or 
not of the person storing the petrol, or wdthin 20 feet 
of any timber sfaick or other inflammable goods, notice 
shall be given to the local authorities under the Petroleum 
Act, 1871. This restriction does not apply to petrol kept 
in the tank of the car. Every storehouse shall be thoroughly 
ventilated. 

3. Two storehouses within 20 feet of each other are 
deemed to be one, and therefore only 60 gallons may be 
stored in buildings so placed. 

4. The storehouse shall not form part of a dwelling or 
be in connection with a place where persons assemble. 

5. In a storehouse, or in any place where a light locomotive 
is kept, petroleum spirit shall not be used for cleaning or 
lighting, or for any other purpose other than as fuel for 
the engine, 

6. All vessels, not forming part of a car, when used for 
keeping or conveying petrol, shall bear the words “ Petro- 
leum spirit, higlily inflammable/' 

7. Petroleum shall not be allowed to escape into any 
inlet or drain communicating with a sewer. 

One of the greatest dangers associated with tlie storage 
of motor-spirit — i.e. liquid fuel from which an inflammable 
vapour may be produced at temperatures below 100° F. 
— arises from the admission of air to the tank as it is 
being emptied, and applies more especially to the storage 
of large quantities in towns, as by motor- omnibus, cab, 
and carrier companies, etc., the importance of which will 
be recognised on considering that the General Omnil)U8 
Co., who alone own upwards of 2500 vehicles, have 
storage for 80,000 gallons of motor-spirit at their vai ious 
depots. There arc two methods by which the admission 
of air can be obviated — viz., displacement by water over 
which the spirit floats, and by an inert gas sucii as carbonic 
acid. Of these, the first named, and known as Snells 
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Iiydraulic sywteni, has been extensively adopted in this 
country and the United States. This, as the title implies, 
depends upon the difference in specific gravity of water 



and oil, as, for exatnpl«, 12 inches of water will balance 
approximately 17 inches of petrol. 

In preparing the system for operation (vide fig. 110), it 
is first filled with water by raising the water-controlling- 
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valve lever, which movement closes the port leading to the 
drain and opens the port leading to the water cistern, thus 
allowing the water to pass from the cistern through the 
valve to the bottom of tlie leg of the storage tank and up 
this leg into the tank, where it strikes a deflector and 
spreads evenly. The entering water displaces the air, 
forcing it up the petrol delivery pipe and out of the 
delivery nozzle. The water-controlling valve lever is held 
up. until water appears in the gauge-glass, when the tfink 
is full of water and all air expelled. The lever is then 
lowered and closes the port of the water-controlling valve 
which communicates with cistern, and opens the port which 
conunuuicates with drain, thus allowing the water in the 
petrol pipe above the water-controlling valve to return to 
the storage tank, and discharge an equal volume of water 
into the sewer; the storage tank is then ready for being 
filled. 

To fill with petrol : — ^Unscrew the half-hose coupling on 
the petrol filler, connect up tank waggon with flexible liose 
and allow petrol to run in, or, if filling from barrels, simply 
allow petrol to flow into open filler. The petrol passes 
down the piping into the top of the storage tank, where it 
strikes a deflector and spreads evenly over the surface of 
the water, forcing the water out of the tank thr’ough the 
water-pipe and water-controlling valve to the drain. 

Petrol can be poured in until the storage t«uik is com- 
pletely full of petrol, but it cannot be overfilled, thereby 
forcing the petrol into the sewer, because the water column 
from the water-controlling valve down the pipe to a point 
level with the bottom of the storage tank is of suflScient 
length to balance a column of petrol from the bottom of 
the storage tank up to the top of tlie petrol. Therefore 
when the tank is full of petrol no more can be jxiun^d in, 
or, if using barrels, it will overflow at the filler, the same as 
any other full tank. 

To draw petrol: — Depress the water-controlling-valve 
lever, whicli closes the water-discharge peu't and opens the 
port connecting the cistern, thus allowing the water to 
pass into the tank under the petrol and force the petrol 
from the top of the tank out of the delivery nozzle. When 
the desired aniriunt has been drawn, release the lever and the 
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flow will instantly stop, and the petrol in the delivery pipe 
return to the storage tank. After all the petrol has been 
drawn, water will flow up the delivery pipe to the same 
level as the water in the cistern, or about 9 inches below 
the level from which the petrol is drawn. Therefore no 
water can be drawn with petrol from the tank. The 
available head of water is kept constant by the float valve 
in the cistern, which may be connected with the town 
water supply. 

According to the method of safeguarding a partly 
emptied motor-spirit storage tank, by admitting a corre- 
sponding volume of inert gas, as used by the Paris 
Omnibus Co. for the storage of benzole : — l.'he fuel is 
protected from any risk of explosion by a layer of 
carb()nic acid gas, wliich occupies the upper portion of 
each of the reservoir tanks. The regulations with regard 
to the storage of fuels of this nature in Paris are very 
strict, as in England, and by employing the llolland- 
Mauclere system considerable space is saved, as the regula- 
tions do not require the storage-plant to be situated so far 
from any other building as would be the case if a system 
were adopted in Avhich less efficacious measures were em- 
ployed for ensuring safety. Referring to the diagram, 
fig. 111,^ the supply of fuel is stocked in reservoirs, lettered 
R, and the whole of the operations of filling and emptying 
these rescrs'oirs is dependent upon apparatus designed to 
. affect the pressure of the inert gases which protect the 
fuel. A tank waggon W is first drawn up into the position 
shown and connected up by a pipe with the reservoirs ; the 
compressor 0 (worked by a direct-coupled electric motor) 
is theii put into action, and this draws out a portion of the 
inert gas in the reservoirs and compresses it in the accumu- 
lator A, when a corresponding volume of benzole flows into 
the reservoirs to i-eplace this gas. To prevent air from 
being sucked into the reservoirs, the security apparatus S 
is fitted wdth a float, wliich, so long as the apparatus is 
full of liquid, is raised from its seat and does not intt^rfere 
with the flow. When the level of the liquid sinks the float 
subsides and will not allow air to pass. The fuel is now 
safely stored in the reservoirs under a seal of inert gas, 

* The Autocar. 9^ 
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Fig. Ill,— Gi*neral arrangemtjit of the Rolland-Manclere system of fuel storage 



OIL FUEL FOR ROAD VEHICLES AND MOTOR LAUNCHES. 241 

and no breakage of the pipes or other accident can render 
it liable to leak or explode. This state of aiiairs is main- 
tained automatically by moans of an apparatus M in the 
nature of an automatic switch, which puts the compressor 
into action if the pressure in tJm reservoirs rises above that 
of the atmosphere. At T there is a three-way cock which 
normally connects tlie reservoirs with M. Wl)en this cock 
is turned into its second position the gas compressed in the 
accuiiiulator A is passed to the apparatus M ; in this way 
the compressor is put into action at the beginning of the 
operation of filling up the reservoirs, after which the cock 
is turned to its first position. The apparatus M acts only 
under the influence of variations of pressure and not 
through any meclianism susceptible to derangement. Any 
accident to it does not put the compressor into action, but 
merely prevents it from operating. To draw off fuel, all 
that is necessary is to admit inert gas from the accumulator 
A to the reservoirs R, passing it through tlie reducing 
valve V. The liquid then rises in the pipes and runs out 
through the valve B, whence it passes through flexible 
piping into the fuel tanks of the buses. After every with- 
drawal of fuel the compressor automatically restores the 
inert gas in the reservoirs to atmospheric pressure. 

For ordinary garage service a very convenient apparatus 
is supplied by the Anglo-American Oil Co., consisting of a 
riveted tank which is fixed outside the buildings at a level 
2-8 feet below the floor and cemented in ; over this is fixed 
a supply pump having a valve plunger connected to an 
operating gear so that a car can draw up alongside and 
have its tank refilled on the metre system with the minimum 
of trouble, whicli, besides avoiding all possibility of spill- 
ing, contamination, or fire risk, shows tlie exact quantity 
supplied indicated on a recording dial. 
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CHAPTER XII. 

OIL FUEL FOR METALLURGICAL AND OTHER 
PURPOSES. 

Oil fuel should form an unequalled medium for smelting 
metals of various descriptions, especially the more valuable 
ones. The cleanliness of the fuel alone recommends it for 
use in smelting, and it has been adopted in quite a number 
of instances in this and other countries. But the great 
objection to it is its cost, though the economy that can be 
edected in the metal itself is one point which would largely 
counterbalance it. Oil fuel has also found extensive use in 
smelting the baser metals, and we cannot do better than 
give a brief record of these applications here. In this con- 
nection it is of some interest to know that as far back as 
1888 an oil-fired regenerative funiace was built in Scotland 
by Riley and Dick for heating steel and iron forgings; 
also that about this time Nobel of Petrograd, Wittenstrom 
of Motala, and Ostberg of Stockholm experimented with 
residual oil and naphtha-fired furnaces for melting metals. 
According to their experience, the use of liquid fuel 
promised several advantages: — (1) A petroleum hearth 
does not give off any noxious sulphui* gases; (2) it occupies 
less space, so that more smiths can be accommodated in 
the shop than with coal hearths; (3) it can be easily 
fitted; (4) it is cheaper; and (5) much more intensive 
than coal, especially in nail smithies, since a number of 
pieces of iron can be heated together and the work goes 
on continuously. 

For example, the hearths in the Ufa (Russia) railway 
repairing shop, eight in number and employing 20 smiths, 
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were formerly fired with coal exclusively ; but as the work 
increased and more accommodation became necessary, oil- 
firing was introduced. 

The construction of the smithy hearth used is illustrated 
in the sectional view, fig. 112, and consisted of a solid 
angle-iron framework, mounted on iron pedestals. This 
framework carried a course of brickwork, 4J inches high, at 
the two extremities of which were the generator B and the 
flue C, the iron being heated in the pai*t D. The generator 
B consisted of a jacketed iron case, into the two opposite 



Kio. 112. — LoDgitudiual section of Nobel metallurgical furnace. 


sides of which debouch the branches of the air conduit c, 
fitted with a damper d. The two walls of the C6ise were 
provided with semicircular apertures, e, the former 
fitted with a damper and serving as a peep-hole for watch- 
ing the progress of the fire. The atomiser consisted of two 
iron pipes, one of which was wedged firmly into the inner 
wall of the case and served as the air-blast nozzle ; whilst 
the other w'^as formed of two parts, set at right angles, one 
part acting as the oil nozzle and the other terminating in 
the smaller funnel p, which was filled with oil from the 
tap o. The generator case is open below, and the sole 
purpose of the side walls is to strejiigthen the fireproof 
lining, this being provided with two fireproof orifices, g 
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aiul h, of which the first named served for the ignition of 
the niazout on starting to work, whilst //, wdiich is taper 
and slopes down towards the space D, conducted into the 
latter the gases produced and ignited in the generator B. 
In order to increase the retention of heat in D and ensure 
the better heating of the work, the bottom of the hearth 
was filled with broken fire-brick. The chamber D was 
fitted with a cover of fire-brick set in an iron frame, this 
cover being arched to facilitate the access of the flame to 
the material to be heated. 

In working these hearths the mazout was the fuel used, 
and was lighted by throwing a small bundle of burning 
oil-soaked rag through the orifice ^ into the generator, the 
register in the air pipe being opened a little, and a fine 
stream of mazout allowed to run into the funnel p by 
turning on the tap o. The oil encounters the current of 
air, is atomised, and ignites at the burning rags. The 
complete admixture of oil and air is assisted by the position 
of the orifice 7i, which is on a somewhat higher level tlian 
the atomiser. Until the w^alls of the generator are fully 
heated, the flame was allowed to stream through and /I, 
but as soon as the liearth began to got white hot, the hole 
r/ was closed. The temperature of the hearth could then 
be adjusted to working strength by regulating the air 
damper and the oil tap, the best results being obtained 
when the air pressure in the pipe measured 2 inches water 
gauge and 1-^ inches in the generator; under these con- 
ditions the consumption of oil was 40-42 lbs. per hour. 
The double walls of the generator case serve to heat the 
incoming air, and thus economise fuel. 

For the manufacture of sheet-iron oil-fired furnaces had 
been in use at these works, which differed very little in 
construction from the usual gas furnace. At the back of 
the arch, for instance, there was an opening to admit the 
oil sprayer. The sprayer was so arranged that it could be 
moved in any direction, while there was no possibility of 
air entering, except through the sprayer. The products of 
combustion travel through the side flues, and thence to the 
chimney. Each furnace had its own chimney, the diameter 
of which was 2 feet and the height 40 feet. As a rule the 
chimney was shorter than tiiis, as with petroleum fuel less 
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draught is required, and the fire can be so regulated that 
practically no smoke is observable. 

At the back of the furnace an opening is made to 
regulate the temperature and to increase or decrease the 
supply of fuel or air. Care should be taken that the 
sprayer is not more than about 20-24 inches above the 
level of the ingots. As a rule the furnace could be heated 
very rapidly — and made ready for working in from 2| to 
3 liours, and not more than from 4 to 5 cwts. of mazout 
were required for every three ingots dealt with ; the gas 
furnace, on the other hand, generally took from 9 to 10 
hours to prepare for working. In the oil-fired furnace the 
ingots are put in the same way as in a gas or wood furnace, 
but with this difference, that whereas the ingots in the two 
latter descriptions of furnace are laid on their sides, in the 
former they are laid flat. The ingots are evenly heated 
throughout, so that the percentage of spoilt ingots is 
considerably less than when gas is used. Not only thin, 
but the wear and tear of the rolling mills were found to be 
much reduced, as, for instance, in 1890-97, when wood-firing 
was used, out of five rolls in the mill, four were bi’oken ; 
while in 1897-98, when mazout wa.s used, not a single roll 
was broken, and the work turned out was superior. By 
the use of gas fuel, that part of the ingot which lies at 
the back of the furnace always attained a higher tem- 
perature than that in front, and with Siemens-Martin 
steel excessive oxidisation was noticeable in the back part 
of the ingot. 

In the petroleum furnace, on the other hand, the 
temperature is alw’ays regular throughout, and with 
Siemens-Martin steel no trace of oxidisation was apparent. 
It may bo doubted whether it is possible to distribute the 
heat evenly over a space of 3 feet square, as the |lame was 
concentrated in the centre, and being forced by pressure, 
was spread over the whole area, and this was proved by 
the fact that, whereas the iron sheets showed a difference 
of thickness amounting to 2 mm., the front measuring 24 
mm. and the back 26 mm., or a difference in weight between 
the front and back of the ingot of 2 lbs., when oil-fired was 
introduced this difference entirely disappeared. 

The quantity of fuel used for the furnace represents 
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1 ton of residuals, or approximately 4 gallons per hour pet 
iiigot. The quantity of iron treated averaged 7 tons in the 
twenty-four hours. 

In the year 1901 a small oil-fired furnace for metallurgical 
purposes,^ and primarily for smelting tungsten and copper 



Fio. 113.— Longitudinal section of Holloway’s smelting furnace* 


ores, was erected and worked by Holloway, Lake & Currie. 
This furnace was a small one of the reverberatory type, and 
the method of supplying the oil, pulverising and igniting 
it, was of the^ simplest. The burner, in fact, was nothing 
more than a simple mechanical device for injecting oil and 
air into the furnace. One of the chief points about this 
apparatus was the small size of the combustion or gasifying 

* Petroleum Review* 
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chauabers, namely, 8x7x9 inches, which may he seen from 
the sectional illustrations, 113 and 114, The furnace 
was worked by a blast obtained from a Roots blower, and 
heated by the waste heat. The system employed permitted 
of a low-pressure air-blast, though a wide range of tempera- 



Fig. 114.— Transverse section of Holloway’s smelting furnace, 

ture could be obtained. The results of the working of this 
furnace proved tliat a reverberatory furnace having a 
hearth 5 feet by 2 feet 6 inches could be run at a tempera- 
ture just l>elow the fusion point of cast-iron, for a con- 
sumption of 2 8 gallons per hour, and an air pressure of 
from 2 to 3 ozs., and that a high-temperature crucible 
furnace, capable of holding three ^^1 50-lb. pots, could be 
worked for seventeen consecutive hours at a temperature 
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1 ton of residuals, or approximately 4 gallons per hour per 
ingot. The quantity of iron treated averaged 7 tons in the 
twenty-four houns. 

In the 3^ear 1901 a small oil-fired furnace for metallurgical 
purposes,* and primarily for smelting tungsten and copper 



Fig, 113. — LoDgitudinal section of Holloway smelting fumace. 


ores, was erected and worked by Holloway, Lake & Currie. 
This furnace was a small one of the reverberatory type, and 
the method of supplying the oil, pulverising and igniting 
it, was of the simplest. The burner, in fact, was nothing 
more than a simple mechanical device for injecting oil and 
air into the furnace. One of the chief points about this 
apparatus was the small size of the combustion or gasifying 

* Petroleum Mev'iew, 
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chambers, namely, 8x7x9 inches, which may be seen from 
the sectional illustrations, tigs. 113 and 114. The furnace 
was worked by a blast obtained from a Roots blower, and 
heated by the waste heat. The system employed permitted 
of a low-pressure air-blast, though a wide range of tempera- 



Fig. 114. — Transverse section of Holloway’s smelting fomaoe. 


ture could be obtained. The results of the working of this 
furnace proved that a reverberatory furnace having a 
hearth 5 feet by 2 feet 6 inches could be run at a tempera- 
ture just below the fusion point of cast-iron, for a con- 
sumption of 2*8 gallons per hour, and an air pressure of 
from 2 to 3 ozs., and that a high-temperature crucible 
furnace, capable of holding three 350-lb. pots, could be 
worked for seventeen consecutive hohrs at a temperature 



250 


Olt, FITEL. 


furnace, 35 by 16 feet in the clear, a flame of 6 feet or 
even more in length is needed. The burner has to be 
adapted to the furnace and to the work to be performed. 
Hence, one will find at metallurgical establishments a great 
variety of burners, or at least a great variety of sizes of 
burners. A very practical and easily made burner consists 
of two concentric pipes, the smaller one being the oil pipe, 
and the larger one the steam-carrier. By this arrangement 
the oil pipe is steam -jacketed, and the temperature of the 
oil is raised to such a degree that its fluidity is very much 
increased, and part of the lighter oils become gases. All 
this tends to break up, more or less, the viscous oil into 
minute particles, which ignite readily when brought in 
contact with air. 

In fig. 116 is illustrated a portable form of riveting 
furnace with a Holden burner which may be operated by 
compressed air or steam, whichever is most convenient. 
In this, the regulating valve C, coupled between the com- 
pressed air or steam-supply pipe and the injector, enables 
the exact amount of air or steam to be admitted for 
spraying and atomising the oil, an 8 hours' supply of which 
is contained in the tank above. Rivets are fed in at the 
top hole of the furnace, whore they are first heated by the 
waste gases, and then passed through to the lower chamber, 
where they are submitted to the full heat of the flame; 
and when sufficiently heated they are removed through 
the bottom door. To start the Holden furnace, lighted oily 
waste, or similar combustible material, is placed in the 
lower chamber, and the valves opened very gradually and 
regulated until a clear fire is obtained without smoke. In 
fig. 117 there is also illustrated a sectional elevation and 
plan view of a small Taite & Carlton crucible furnace 
which has given excellent results in working; this is also 
fitted with a Holden burner. 

Oil-fired furnaces worked on the reverberatory system 
have been in use for many years. These consist as a rule 
of iron cylinders lined^with refractory material, and carried 
on trunnions so that they can be tilted to pour out the 
metal, the oil being sprayed in by means of an air blast at 
one end. This type of furnace is frcijuently built double 
— as illustrated in fig. 118, — consisting of two independent 
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chambers, the oil being blown into them alternately. These 



Fig. 116. — Riveting furnace arranged Holden's sy.s tern 

of liquid 'fuel burning. 

furnaces may be made of any size, but the usual capacity 
is about 600 lbs. to 1000 lbs, for eabh furnace. 
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Fig. 117 . —Section and plan of crucible furnace designed by 
Messrs Taite k Carlton. 



Fig. 118 .— Kockwell duplex reverberatory oil furnace. 
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The workings of a Rockwell double furnace^ of the 
larger size shows results as follows: — 

Metal charged 7000 lbs. 

Oil used in melting, including that used in 
heating up 93 gals. 

Oil used per 100 lbs. of metal melted . . 1 '3 gals. (U.S. A.). 

Time required to heat up furnace, starting cold 27 mins. 

Oil consumed in heating up .... 8 gals. (U.S. A.). 

Actual time furnace \vaa in blast, including 
heating up 7 hours 58 mius. 

Time per 100 lb.s. of metal made . . 6'8 mius. 

Weight of metal per minute .... 14*6 lbs. 

Average time per beat of 500 lbs. . . .34 mius. 

In the application of oil in furnaces for forging purposes 
where this fuel can be obtained cheaply there is, for more 
reasons than one, a great gain, the experience of the 
Southern Pacific Railw^ay, U.S.A. : — All tlie coal-heating 
furnaces in the rolling mill,*** as well as the larger re- 
verberator}^ furnaces used for large locomotive and marine 
forgings at these works, have been converted into oil- 
burning furnaces. 

In considering the use of oil-fired furnaces, the first 
question is the number of gallons of crude oil required to 
bring one ton of scrap iron, put up in piles varying from 
200 lbs. to 1000 lbs., to a welding heat. This for a rolling 
mill in the Sacramento shops is 40 gallons of crude oil as it 
coiues from the well to heat 2000 lbs. of scrap material or 
pile. In our old coal reverberatory furnaces 500 lbs. of 
bituminous coal was required to heat the same quantity of 
metal. The next tiring to be considered is the handling of 
the two fuels. It requires six men to bring the coal to the 
reverberatory furnaces and bolt factory from the coal pile. 
Our oil tanks are arranged so tliat one man distributes oil 
over the wliole works. Another thing to be considered is 
the hauling away of tlie ashes and cinders that are produced 
daily, as it requires a horse and cart daily to remove this 
W’^aste to the dumps. Another important consideration is 
the fireman, who has to handle between five and six 
thousand pounds of coal daily, clean his grate bars at noon 
and night, shovel out the ashes and cinders, and oftentimes 

^ Prowedin^js PlttshurgK Tmindrymm^it Associalim^ 1905. 

* Proceedings National Railroad MasUr^^RlacksiniUid Association, 
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knocks out the brickwork in the fire-chamber trying to 
knock off* the clinkers. All this hard labour is reduced 
76 per cent, by the use of oil. 

The output of the furnaces heated with oil is at least 20 
per cent, more than with coal. One reason for this is that 
there is no time lost in cleaning grate-bars and wheeling 
out ashes. But the most important question relative to 
the two fuels is the improvement in quality of the iron 
produced from the scrap material; liammered iron for 
railroad appliances, such as locomotive forgings, or for any 
other purpose where the metal is subject to compression, 
tensile, vibrating, and torsional strains, produced from oil 
fuel being much superior with oil-firing than when coal 
was used. Again, scrap material heated with oil develops 
less defect in working by lamination than iron brought to 
a welding heat with coal, and this shows to particular 
advantage with car axles, of which there have been 50 per 
cent, less condemned on account of seamy journals since 
adopting oil fuel. 

Another important factor in the expense of operating is 
the power recjuired to atomise the oil and furnish sufficient 
oxygen to produce perfect combustion. Compressed air is 
an expensive commodity, so is steam, and, further, the 
latter is not as good as compressed air for this purpose. 
The old fan blast is the cheapest and best when properly 
applied. From 8 ozs. to 10 ozs. pressure is all that is 
required for atomising and perfect combustion. 

Success with oil-burning depends also on the shape of 
the interior of the furnace. In many cases the old method 
of providing a combustion chamber about 4 feet or 5 feet 
from the bridge wall— injecting the oil at one end of the 
furnace, causing the heated gases to pass over the bridge 
wall and to come in contact with the metal — is used. 
Openings are left in the lower y)ortion at the end of 
furnace, permitting the air to be drawn in. Anotlier 
method is to carry the end wall 4 or 5 feet back of the 
original bridge wall, and build uj) several courses of 
perforated brickwork a little above the opening made in 
the lower portion of the end of furnace, for the purpose of 
heating the extra air drawn in to obtain better combustion. 

The burner passes through an aperture in the brick wall 
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F (fig. 119), directly over the flue, blowing the flame in 
over the metal. The furnace is 3 feet beneath the hearth 
and furnace roof, this height giving plenty of room for 
perfect combustion by the time it reaches the wall C. An 
incandescent flame then returns by the draught of the flue, 
as shown by the arrow points, and 'when mixed with the 
metal to be heated, the waste gases can be diverted under 
a boiler for producing steam, or througji a stack as desired. 
Much care should be taken in placing the burner direct 
in line and about 7 inches or 8 inches below the roof, so 






Fio. 119. — Bar-heating furnace xised at Southern Pacific Railway Works. 


that perfect combustion can take place before the flame 
comes in contact with the iron on the hearth, or the heated 
walls of the interior of the furnace. 

The furnace shown in the illustration is that of the 
3-door rolling mill type, all the forging furnaces having 
two doors only, operated by the same method as the S door 
furnaces. In the working of the furnaces with oil fuel 
perfect combustion is produced, and not a shadow of smoke 
can be seen from the stacks when properly manipulated. 

The burner used {vide fig. 120) can be operated either 
with steam, compressed ak, or with an air blast of 7 ozs. to 
10 ozs. of pressure. 

When steam is used the blast pipe C should be removed 
and a steam pipe substituted. When compressed air is 
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used a similar change should be made. A represents the 
fan blast pipe. B, regulating gate in blast pipe. C, air 
pipe leading from blast pipe to tlie outer end of burner 
pipe, D, gate to regulate the blast passing into the burner 
pipe. E, oil pipe connecting the burner pipe. F, oil and 
wind pipe or burner pipe. G, outlet to oil and burner pipe. 

For heating crucible furnaces for melting copper, brass, 
tin, or steel, the Monarch Engineering Co., of Baltimore, 
U.S.A., use an air-jet burner having an oil nozzle controlled 
by a needle valve, which nozzle, being surrounded by an 



air chamber having a second nozzle, causes the oil steam 
to be thoroughly broken up by the issuing annular air jet. 
In applying oil fuel for purposes of the above kind, the 
flame is directed against a graphite block, and in turn 
circulates entirely around the outside of the crucible, as 
shown in fig. 122, As the flame does not come into direct 
contact with the crucible, the life of the crucible is pro- 
longed from 20 to 50 heats. A lid placed over the crucible 
prevents the escape of gases, and also prevents the mixture 
in the crucible from oxidising. It is not necessary to 
remove the crucible from within the furnace when pouring, 
and thus cool it off, as the furnace is swung on trunnions 
and is easily tilted to any angle by means of the gear 
wheel and worm connections. Tliis furnace is especially 
adapted for melting brass borings and turnings, and is 
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supplied in four sizes 
with capacities of 
2400 lbs. to 4000 
lbs. of metal per day. 
It is claimed that 
100 lbs. of metal can 
be melted with 
gallons of crude oil.^ 
The illustration (fig. 
121) shows the fur- 
nace in the melting 
and pouring positions, 
and also the arrange- 
ment of the plant and 
piping for furnishing 
the oil and air to the 
furnaces. 

In the lift-out type 
of melting furnace 
illustrated by the 
elevation section, lig. 
122, the crucible c 
rests on a graphite 
block <7, on to which 
the dame from the 
burner is directed 
from one side in a 
tangential direction, 
and circulates around 
the crucible in the 
furnace /. An im- 
portant feature in 
these very compact 
and conveniently ar- 
ranged oil furnaces, 
which are supplied 
by the Alldays & 
Onions Coy., is the 
method adopted for 
lifting the cover aside. 



^ The Mechanical Engineer, 


17 


Fio. 121.— -Steele-Harvey metal -melting furnace, showing arrangement of oil and air pipes. 
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The cover or lid d is first raised an inch or so by the hand 
lever Z, when it can be easily swung round on the post p so 
as to clear. The burner used is illustrated by fig. 123, from 
which it will be seen that air (from ^ to 3 lbs. pressure) is 
supplied at a and adjusted by turning the nozzle cap e, the 



Flu. 122.— Alldays’ crucible oil furnace, lift-oiit type. 

oil entering from an overhead tank by the pipe / being 
regulated by the needle valve n. Alldays' burners are 
made in five sizes, all in gun-metal, the smallest size 
requiring a |-inch diameter oil-supply pipe and using from 
I to 1 gallon of oil per hour, and the largest size consuming 
from 3 to 9 gallons per hour according to the requirements, 
i.e, whether used for hardening, forging, or melting. 
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Melting furnaces of this make are also made in several 
forms, and in addition to being adapted for solid fuel 
(coke), and gaseous fuel (illuminating, producer, and water 
gas), are constructed for liquid fuel, which may be either 
tar oil of specific gravity from 1 to ‘9, or any of the low- 
grade petroleum residual oils. 

Many makers specialise on diflTerent methods for con- 
venient pouring of the molten metal. Of course the 
cheapest form of crucible melting furnace is constructed 



Fig. 123. — Allday^' low-pressure air-jet burner. 


with a lift-out crucible, as shown in figs. 122 and 128. 
Melting furnaces arranged for three or four crucibles of 
the lift-out type can also be heated from one burner, thus 
eftecting a great saving in the oil consumed. 

Another form of melting furnace, also of this make, is 
illustrated by fig. 124. This furnace (known as the 
‘*Charlier” rolling melting furnace) consists of an iron 
drum rf, lined with refractory clay I, which is revolvable 
about trunnions n, supported by a pair of standards t. In 
this form of furnace the burner h is fixed at one end to 
blow through one of the trunnion# made hollow for the 
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purpose ; the flame is consequently blown right on to the 
metal and effects a certain economy by the direct contact 
of the flame. It is essential, however, that the fuel used 
should he free from sulphur, especially in melting brass, 
CIS copper has a strong affinity for sulphurous acid. In 
practice, almost any kind of oil can be used : creosote, tar 
oil, petroleum residuals, etc., the consumption being 
approximately 2 gallons of oil to melt 100 lbs. of brass, 
a good deal depending on the quality of the oil and the 
manner of handling the furnace. Turnings and borings 
require more oil than ordinary scrap metal. 


Particulars of “Chablier'* Roluno Melting Furnace. 


Approximate Time 
required to melt 
Charge of Brass. 

Size 

Number of 
Furnace. 

Capacity in Lbs. 

Brass. 

Ahimtninro. 

Cast'Iron. 

SO mimites . 

1 

800 

90 

— 

40-50 minutes , 


600 

270 


50-G0 ,, 


1200 

640 


80-90 „ 


2400 

1000 



The air pressure recommended is from 10 inches to 14 
inches w.g. for aluminium ; 20 inches to 30 indies w.g. for 
brass ; and f lom 50 inches to 60 inches w.g. for ea.st iron. 
The same type of burner is used as for the lift-out crucible 
furnace, the oil being fed by gravitation from a supply 
tank placed in any convenient position, and from 8 feet to 
10 feet above the floor level. 

It is claimed for this type of melting furnace, originally 
designed for aluminium — a purpose for which a thinner 
fire-brick lining may be used — that it is more economical 
in operation than any form of crucible furnace, owing to 
the direct contact of the flame; further, in being fitted 
with a removable plate fixed round the poui^^^^cn.liole, the 
fire-brick lining at this point which .suffers tha^J^^s^-eatest 
wear can readily be replaced without interfering WnJ -^sthe 
rest of the lining. The shell of the furnace is construlfeed 
of heavy steel plate, and the ends formed with cast-iron 
discs; it is mounted on cast-iron standards having split 
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bearings, thus allowing the drum to be picked up by a 
crane when desired, and enabling the metal to be poured 
direct into the moulds. This is a distinct advantage in 
many foundries. For emergency cases in the iron foundry 
it is also very useful, as a charge of cast-iron can be melted 
in a very short time. 



Fig. 125. — Morgan Salamander tilting furnace, shown in part section. 


A third type of crucible furnace is illustrated by figs. 
125 and 125a, known as Morgan tilting furnace. In this 
furnace, adapted for solid, gaseous, and liquid fuel, the 
crucible c, or salamander form, preserves the metal from 
contact with the furnace gases, which is obviously a dis- 
tinct advantage when using fuel containing sulphur, and 
especially so with coke, and in any case there is claimed for 
this form of crucible a certain gain due to non-oxidisation 
of the metal. The “Morgan” oil burner (fig. 126) works 
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F,g. 125A.-Morgan oil-fired furnace, shown in position for pouring. 


H,. eo«»mpti«. ol <"' f f I'W '^.' Iffo” Sting e«t- 

10 lbs. as compared with 15 lbs. ot coKe , lor 
iron about double this quantity required The 
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and are all fitted with worm and segment pouring gear gf, 
and platform p (fig. 125). To facilitate the tilting operation, 
the upper section of the furnace — known as the preheater — 
is lifted slightly by a cam and lever, and swung clear of the 
body of the furnace when a pour is to be made. The upper 
section — as shown in fig. 125, representing the latest model 
— consists of a cylindrical steel casing, lined with refractory 
brickwork similarly to the lower section, and is fitted with 
a sliding cover — for use when charging the crucible or for 
inspection — through which the waste gases are exhausted. 
When in position this preheater section makes a tight joint 
with the main section, and encloses the salamander muffle 
ring, and as this fits evenly on the top of the crucible, the 



AuMiHdry Compreisec/ Air connection Oil supply connection 


Fig. 120. — Morgan liigh-pressiue air-jet oil- burner. 


gases of combustion are prevented from passing over the 
metal; the supercharge of metal is also protected from 
contact with the flame. 

The furnace body swings clear of the burner 6, which 
is fixed independently and retains its position unaltered 
during the operation of pouring ; any metal that may then 
run over collects in the bottom of the furnace, and can be 
emptied through a tap hole provided. 

It will be recognised that this form of furnace is con- 
structed on a comparatively elaborate plan, by which not 
only is the metal sealed to the furnace gases, but evapoi'a- 
tion, and consequently loss of metal and temperature, pre- 
vented; to which one must add the statement that this 
form of crucible furnace is quite the most convenient to 
handle of any, and compares in this respect, in ease of 
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manipulation, with furnaces of the trunnion type, in that 
the “pour” can be controlled with the utmost nicety. In 
point of output, a furnace of 400 lbs. capacity (ingot) 
brass requires, approximately, 60 lbs. of tar oil or creosote ; 
for 380 lbs. scrap brass, about 50 lbs. ; and for 350 lbs. grey 
cast-iron, about 90 lbs. of fuel. The time for melting (after 
the first heat) ranges from 40 minutes for brass to 100 for 
cast-iron. 

The costs per ton of metal melted are approximately 19s. 
with coke, and 24s. with oil, at present prices, i.e, 50s. and 
120s. per ton respec- 
tively; the cost of 
crucibles is practi- 
cally identical for 
the two systems, but 
the cost of labour for 
oil-firing is less than 
half that for coal. 

The efficiency and 
economy of the tilt- 
ing form of furnace 
above described is 
chiefly due to the 
larger quantity of 
metal melted at one 
time, and to the avoidance of the necessity for removing 
the crucible from the furnace for pouring — a method which 
obviously leads to strain and damage to the crucible by 
the tongs and by changes of temperature. However, there 
are requirements which do not justify so large a furnace, 
and for these the type known as lift-out ” is sometimes 
more suitable ; and on the Morgan system such are made 
either for single or multiple crucibles, and the latter either 
with one melting chamber or with separately controlled 
chambers. The type shown in fig. 1 27 is of special 
interest, for it embodies a new departure in oil-furnace 
construction, and is made to contain either two or three 
crucibles in one chamber, using only one fuel burner, or 
from four to six crucibles, using two fuel burners. 

The multiple furnace, having one common melting 
chamber as shown, consists of m^l sections easily put 



Fig, 127. —Morgan lift-out crucible, furnace 
for oil fuel. 
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together in eitUi the interior formation of the refractory 
lining having been specially designed to obtain uniform 
heating by means of the burner or burners firing into the 
one melting chamber. The furnace is provided with a 
closed pit under the melting chamber, where spilt metal is 
collected for removal at any convenient time. 

The melting chamber itself is of an oval form with 
elongated sides so proportioned that the flame travels 
equally round the crucibles, and the heat is so distributed 
that the metal in each crucible attains a uniform tempera- 
ture. 

Before being drawn away to the main flue the products 
of combustion are conducted through outlet ports into an 
external cavity, which is thus utilised as a hot-air jacket 
round the melting chamber. In this way the maximum 
efficiency is obtained from the fuel, and the furnace being 
entirely enclosed when in operation, no fumes are ejected 
into the foundry. 

With regard to the form and type of burner used : — 
After careful investigation of alternative systems, that of 
spraying a low-grade thick oil by means of compressed 
air has been adopted as the standard practice for both the 
lift-out and tilting form of furnaces. 

By this means the liquid fuel is completeljr atomised 
when it leaves the burner, and mixes immediately with 
the requisite quantity of free air, so that ignition takes 
place just inside the injector box; the flame expands and 
travels with a spiral motion round the crucible and muffle 
ring of the furnace, finally emerging from the central 
aperture in the cover, where a short yellowish flame should 
be visible. As the products of combustion and fume from 
the metal emerge from a relatively small outlet in the 
furnace cover tliey can be entirely collected and carried 
outside the foundry by a light telescopic chimney. 

It is only necessary to supply under pressure a portion — 
amounting to about one-fourth, or at the most one-third of 
the total air required. For ordinary brass foundry use, a 
pressure of about 20 to 25 lbs. per square inch (1*4 to 1*75 
kilos, per cm.®) is recommended, but for high steel or nickel 
temperatures this should be increased to 80 or 36 lbs, per 
square inch (21 to 2*5 kilos, per cm.®). 
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The compresBod-air-jet burner shown in fig. 126 is of 
special design and formed in two sections ; the rear section 
introduces the oil and makes a sliding fit concentrically 
with the front, and can be entirely removed for inspection 
and replaced without delay. 

As will be seen, the Morgan is a double-jet burner, the 
main supply entering at A, and auxiliary supply at B ; the 
oil enters at C, and issues from a central nozzle controlled 
by a needle valve E; between the two compressed-air jets 
there is an induced supply of air from D. These burners, 
which work very satisfactorily with the lowest grades of 
petroleum residues or fuel oils, tar oil, or creosote, are made 
in three sizes, and of the following capacities : — 

Small burner — 8- 4 gallons (13^-18 litres) of liquid fuel per hour, 
30-40 cubic feet ( *85-1 ‘1 metros*) of air ywr minute. 

Medium burner— 4-6 gallons (18-27 litres) of liquid fuel per hour, 
40-60 cubic feet (11-1 ‘4 metres®) of air per minute. 

Large burner — 6 -10 gallons (27-45 litres) of liquid fuel per hour, 
60-76 cubic feet (1 *4-2*1 metres®) of air per minute. 

The burner used by the Brett^s Patent Lifter Co.. 
Coventry, differs from any other in the method adopted 
for mixing the air with the oil, their endeavour being to 
construct a burner for furnace work in which smokeless 
combustion can be obtained with the heaviest grades of 
creosote and other fuel oils with a low-pressure air blast, 
such as used for the ordinary smith's forge. Referring to 
the diagrammatic section (fig. 128), it will be seen that the 
oil enters by the pipe p by gravitation to the burner nozzle, 
where it is regulated by a diffusing valve in such manner 
as to cause the oil to be sprayed out in the form of a 
vertical film into the contracted end of the mixing chamber 
a?, where it is met and carried forward by a hot blast of air 
from the jacket h surrounding the combustion chamber n, 
and thence into the furnace /. The blast is controlled by 
a shutter valve and the oil by the wheel r, by which 
means the valve at the end of the nozzle can be moved 
endways, its stem being screwed into the gland nut f/. In 
the Brett's burner, in addition to superheating the air, the 
blast is caused to rotate a small screw-bladed cutter wheel 
t, causing the spray to be thoroughly diffused with a low- 
pressure head on the oil feed. 
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A separate 6re-brick lined cylindrical combustion 
chamber is also used in the Hoveler heating and melting 
furnace, the object, as in the oil-burning system just 
described, being to obtain complete combustion outside the 
furnace, and by the exclusion of unnecessary air to prevent 
oxidation of the metal. The oil is atomised in a double 
air-jet burner, as shown in fig. 126, which is fixed an inch 
or so outside the smaller end of a tapering cylindrical 



Fro. 128 .— Brett’s farnace fuel-oil burner fitted witli preheating 
chamber and fan atomiser. 


ignition or combustion chamber, suspended in line with 
the mouth of the furnace, as shown in fig. 129. In the 
working of the burner, which is in many respects similar 
to that shown in fig. 126, a double air jet of the com- 
paratively high pressure of 16 to 20 lbs. is used; air for 
the primary or atomising jet is supplied at B, the oil 
entering at C from an open tank, which may be placed at 
any suitable distance, so long as high enough — about 21 
inches— for the oil to flow into the inner spraying tube, 
whence the feed is controlled by the needle valve E. The 
necessary air for complete oxidation of the fuel is supplied 
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at A and D, both of which are under control ; only sufficient 
compressed air to A and atmospheric air to D are supplied 
to produce combustion in the outer ignition chamber. 

The following instructions for setting the Hoveler oil- 
burning apparatus to work will be found useful : — 



Flu. 129.— General view of llie Hoveler oil-burning apparatus 
for furnace beating. 


To obtain the best results the burner must be about 
1 inch distant from the combustion chamber. 

To set in operation, first open the air supply B to 
atomiser full, and then slowly turn on the oil by turning 
the milled thumb-screw which operates the needle valve. 

Then place a lighted piece of oily waste in front of the 
ignition chamber. 

Gradually increase the oil supply as the igniter gets 
hot, and withdraw waste when the ignition chamber is 
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sufficiently hot to ignite and keep burning the spray 
injected by the atomiser. 

Turn on the main air supply as soon as the flame gets 
smoky, and increase both oil and air as required. 

Then after a few minutes" working with the compressed 
air and oil feeds full on, shut off the main air supply until 
the flame gets smoky. 

The burner will then be working at its full capacity 
with a reducing flame. 

If now the main air is again turned on it will become 
oxidising. 

If the burner is not intended to w^ork at its full capacity, 
the supply of free air must be shut off, otherwise the 
ignition chamber will got cold inside and a deposit of oil 
will form. 

By regulating the supply of free air the fire can be kept 
inside the combustion chamber, and produces the most 
economic eftect. 

The advantage of this system is that it can bo applied 
to any form of heating or melting furnace without requiring 
any structural change; the apparatus can also be very 
quickly got ready for work, as from turning on the oil and 
air supply till the production of a working flame is only 
a matter of a minute or so. 

In the well-known Ferguson oil-fired annealing, melting, 
and forging, etc., furnaces, of which there is a full line of 
over thirty difterent sizes and varieties supplied by Furnaces 
Ltd., Westminster, a low^-pi*essure double-air-jet burner is 
combined within a combustion chamber, and special flues 
contained within a fire-brick lined cast-iron structure of 
heavy and practical form to suit any particular purj)ose 
required, the aim V)eing to obtain as perfect combustion as 
practicable with a minimum volume of air. 

According to the Ferguson system, illustrated by three 
elevation and plan sections, fig. 130, a double blast of air 
consisting of a primary and secondary jet is used in 
combination with an oil pressure of 8 or 10 lbs., which is 
sprayed from a nozzle n in an upward direction and 
mixes with air supplied along the pipe a from a fan or 
rotary blower at alx)ut 8 ozs. pressure. The air supply is 
regulated by a valve v, and the oil along the pipe jp by a 
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Fio. 130. — Sectional elevations and plan of Ferguson dl-fired forging furnace. 
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needle valve, the air jet surrounding the oil jet in the usual 
way carries it up along the square combustion chamber 
over the nozzle until it meets a cross current of air from 6, 
when the mixture, which has been thoroughly atomised by 
the nozzle n, is completely oxidised and carried forward 
into the furnace. 

l^^uel oil can also be profitably applied for heating, 
annealing, and liardening furnaces, a full line for which 
purposes are supplied in connection with the Alldays 
burner, illustrated in fig. 12eS, and consist of a muffle or 
oven wdth detachable sides, which are lined with a specially 
durable quality of fire-brick ; the burner (or burners, 
according to the size of the furnace) project the flames 
beneath a fire-brick slab, thereby forming a combustion 
chamber. The flame circulates up around the sides of the 
muffle, then reverberates from the top, and so envelops the 
muffle in a uniform non-oxidising fiow’^ of gases having a 
temperature as high as 2200'" F., or 1200'‘ C., when the 
burner is supplied with cold air (2 to 3 lbs. pressure); but 
by preheating the blast air to a high temperature by means 
of the waste gases, a considerable economy is obtained both 
in the time recjuired for heating up the furnace and in the 
consumption of fuel, by which means, moreover, the furnace 
temperature can be raised to 2600*" F. — i,e, over 1400"" C. ; 
and as the larger series of these furnaces have a heating 
capacity of 30" x 36" x 1 0", they are adapted for heating 
tyres, railway carriage springs, and a number of other 
component parts used in general engineering work. 

Another very convenient adaptation oil firing is that 
used on a portable form of furnace, known as the Empire, 
for heating rivets, lliis, illustrated by the photo-view, 
fig. 131, is mounted on legs with oil tank complete, and 
fitted with double doors at each end. A furnace of this 
type will heat 200 three-quarter inch rivets in one hour on 
a consumption of 6 to 7 pints of oil. and a larger size 600 
to GOO one-inch rivets on a consumption of 3 gallons of oil 
in the hour. 

In addition to the several oil-fired annealing, muffle, and 
haulening furnaces described, there are others, including : 
the Bickford, l^urdon, Briider-Boye, Davis, Gordon-Smith, 
Incandescent, Massey, Wincott, etc., each of which is 
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differentiated by some detail of an interesting character, 
the outcome, for the most part, of some more specialised 
application. 

From what has already been said it will be seen that for 



Fig. 131. — Empire oil-fired rivet-heating furnace. 

metallurgical work liquid fuel is particularly suitable, and, 
while it has not received the attention in this country 
which it deserves, it has been adopted to a considerable 
extent in countries which, up till i*ow, have been more 
conveniently situated to the producing oil-fields ; as a case 
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in point, in one large reverberatory furnace for copper ore 
built by the Arizona Smelting Company, a charge of 
300/350 tons can be smelted each 24 hours, and, while it is 
possible to deal with such a mass of ore at one operation, 
it is also possible to deal with extremely small quantities. 
In the reduction of many ores absolute control of temperature 
is essential, and with oil fuel this can be obtained within 
the greatest range of temperature of all fuels. Then again 
there are poor ores which, if treated in a coal-fired furnace, 
would scarcely pay for the fuel and labour expended, but 
if treated with liquid fuel as a substitute would, undoubtedly, 
give a satisfactoiy return. 

For melting gi*ey-iron in quantities of 1200-1500 lbs. 
or brass in larger amounts, an oil-fired revolving funiace 
such as the Siegen has the advantage of being self-contained 
and particularly easy to manipulate. Referring to the 
illustration, fig. 132: this furnace will be seen to resemble 
in some respects the “Charlier” shown in fig. 124, but 
differs in the controlling gear and adaptability for com- 
paratively large '‘pours,** besides being fitted with fuel 
tank, filling pump, and an effective cowl. The revolving 
furnace a, which is provided with an inner casing of fire- 
brick, turns at one end upon rollers d, carried by a bracket 
e, tlie control being effected by a rack and hand- wheel /, 
The air-jet burner h is fed with oil by natural fall from the 
tank and blast from an ordinary blower at a pressure of 
20 inches of water column for brass, and 28-32 inches for 
cast-iron and steel. Before charging, the furnace is heated 
for a quarter of an hour, and while melting should be 
turned 70'^~00'^ each way, every 10 minutes or so, to 
equalise the heating effect. The durability of the inner 
refractory casing is said to be equal to 40-50 tons for 
brass, 10-15 tons for cast-iron, and 5-10 tons for melting 
steel. Tlie consumption of fuel, wliich may be coal-tar oil, 
averages from 8-10 per cent, in weight of the melt in brass, 
and 20-25 per cent, of the melt in grey-iron. 

The uses to wliich oil is being applied as fueP are 
steadily increasing, and one of the most important adapta- 
tions of this is to be seen in the Stock steel converter. 
Although this cappliance is of comparatively recent origin, 
^ The Ihigimer, 
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it has long since passed the experimental stage, and one o£ 
these converters, with a capacity of 8 tons, was in regular 
service at^he works of the Darlington Forge Company so 



Fio. 182 , — Siegen oil-fired rotary mcltiug furnace. 


long ago as 1910, where it has given most favourable 
results. This type of converter has l)een specially designed 
for the production of all kinds of steel, from soft steel 
castings to steels of the highest grades. The converter is 
made of oval section to enable the, 5 . 1 argest surface of the 
metal under treatment that is practically feasible to be 
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exposed to the auction of the oil burners, and the tuyere- 
box is designed accordingly. The metal container is lined 
with silica fire-brick of 13 inches maximum thickness 
around the tuyeres, and may be used, not onTy for the 
conversion or blowing of iron, but also for mating the 
actual charge of iron and scrap by means of oil fuel, 
thereby doing away with a cupola. The converter is 
mounted on trunnions working in roller bearings, and is 
also carried on a table on tvhich it can revolve in the 
horizontal plane. In fig. 133 is shown in elevation and 
plan the general arrangement of a typical installation. 
The process of charging is effected by an ordinary peel, 
and by this means 3 tons of pig-iron and scrap can easily 
be fed into the converter by three men in about ten 
minutes. When charged the converter is moved hori- 
zontally through an angle of 90'' for melting, in which 
case the nose of the vessel is pointing towards the air 
heater. This heater comprises a nest of U-shaped cast-iron 
pipes provided with vertical inner ribs contained in a 
masonry structure lined with fire-bricks. Into these pipes 
cold air is delivered from a rotary blower, and after passing 
through the pipes is discharged at a temperature of about 
800® F., and a pressure of about J lb. per square incli, 
through a central pipe into the converter, where it is 
caused to mix intimately with the jets of oil and produce 
a highly efficient system of combustion. For blowing, the 
blast is supplied by the same blower that supplies the air 
for melting, but in this case the air pressure may vary 
between lbs, and 3| lbs. per square inch. 

The oil used for fuel may be of any crude variety, and 
is stored in a tank, from which it is forced by any suitable 
means into a smaller tank containing enough for, say, five 
or six meltings. The latter tank is fitted with a coil 
through which hot air or steam circulates to reduce the 
viscosity of the oil. It is also provided with a small 
independently diiven compressor, which will maintain a 
constant pressure of from 30 lbs. to 40 lbs. per square inch, 
and force the necessary quantity of oil through a flexible 
pipe to the oil-burner tubes, which are inserted into the 
tuyere-box. Tliese tubes are of steel, with an internal 
diameter of ^ inch. They are secured to a suitable cariying 
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device which can be readily clamped on to the tuyere-box 
and removed again when the melting operation is com- 
pleted. When the blowing operation is in action, as in 
steel-making, the oil supply is cut off, and the converter 
is tipped upwards, the fumes being carried away by means 
of a hood and chimney fixed directly above the air heater. 
The blowing process lasts about twenty minutes, and the 
converter is then turned down to the charging position, 
and the necessary ingredients, such ns ferro-silicon or 
ferro-manganese, introduced. The vessel is then turned 
round into the teeming position and the contents are 
discharged. 

The duration of the proct^ss from charging to teeming is 
from one and a half to two hours. The larger size con- 
verters are provided with electric motors {vide fig. 184) 
for tipjnng and turning, but for smaller sizes of converters 
these operations may be performed l)y hand. 

The chief advantages claimed for this system are: — No 
cupola plant is re<|uired for melting; as liquid fuel is used 
after once the converter has been started, the steel is free 
from impurities such as sulphur; cupola losses and costs of 
melting are saved ; the high temperature of the melted 
charge enables the use of pig-iron low in silicon or the use 
of higher percentages of scrap; the metal being in an 
extremely fluid state, the most intricate castings free from 
blow-holes can be produced ; the amount of space occupied 
is small ; and the power reejuired is comparatively small. 

In practice it has been found possible to obtain from 
25 to 80 heats before the lining recjuires renewal. A 
charge of 2| tons can be melted and converted in 1| hours 
with a fuel consumption of 70 gallons, and a powder con- 
sumption of rather less than 50 kw. 

From the foregoing it will be gathered that an oil-fired 
furnace is particularly useful when quantities of metal 
have to be melted at intermittent periods, as the waste of 
fuel and heat is reduced to a minimum. One manufacture 
which has, perliaps, been more considerably afiected by the 
use of liquid fuel than any other is that of steel castings, 
the same advantage applying in this instance if tlie furnace 
is only required at irregular periods, and, further, the 
original cost of fitting up such a plant is obviously con- 
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siderably less than a plant for gas fuel ; also, the quality 
of the steel obtained is much improved. 



Fig. 184. — Elevation of 3-ton Stock converter, sliown in blowing position. 

The freedom from sulphur in the gases formed by the 
combustion of most of the fuel oilg is a very important 
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advantage, and, apart from the economy gained, renders a 
particular value to its use for the many processes where- 
with an accurately’' graded and even temperature, together 
witli a non-oxidising flame, is a sine qua non. Probably 
the glass trade have taken greater advantage of this 
property than any other, as it has been adopted in several 
factories with highly satisfactory results. At the Carle 

f lass works, South Hackney, for instance, liquid fuel has 
een used for many years. There, the furnaces work at a 
temperature of from 2300° to 2500° F., and in proof of the 
complete combustion obtained and the purity of the pro- 



ducts, white flint glass is melted in an open tank furnace, 
the flame being in actual contact with the metal without 
any discoloration or deterioration of the glass produced. 
This, as all glass manufacturers will understand, greatly 
reduces the quantity of fuel necessary as against the old 
method of melting white flint glass in crucibles. 

In the manufacture of all glass or china articles many 
pieces are ruined by incorrect firing, whether coke or coal 
is used, and both time and labour are expended upon 
material which is bound to be condemned. A slight 
modification in the design of the oven renders the adoption 
of . liquid fuel possible, as will be seen by an examination 
of the sectional cut, fig, 135, illustrating a 6-ton open- 


OIL FUEL FOB METALLURGICAL ANU OTHER PURPOSES. 281 


hearth glass-melting furnace arranged to bo heated by a 
pair of Carbogen oil burners, which are alone capable of 
melting and maintaining in a molten state a bed of glass 
weighing from 6 to 7 tons and some 18 inches deep, on 
a consumption of from 6 to 8 gallons of fuel oil The 
chief interest, however, lies in the burner {vide fig. 186), 
which, although particularly adapted for this purpose, is 
also suitable for steam raising, a strong point in its favour 
being the ease with which flame can be produced, as with 
everything cold, the burner can be lighted at once with a 
small piece of paper. The fuel is atomised by a double air 
jet, which issues both inside and outside the oil jet. After 
the burner has been at work for a short time the air can 
be shut off and steam turned on in its place. This is a 



Fia. 136.-— Oai bogcn double air-jet burner (Stackard). 


valuable feature, the idea being that a small jet of com- 
pressed air should be only used for starting, and that as 
soon as sufficient steam pressure is generated — 9 lbs. to 10 
lbs. — the burner can then be turned over to steam ; when 
it could either continue to work in that way, or sufficient 
steam having been generated to get the engine under way, 
it may drive a small air compressor to supply the burner, 
“It is instructive to notice the difference in the flame 
under the two conditions, the jet appearing to be longer 
and narrower and the flame far more active when com- 
pressed air is used than when steam is turned on, and there 
appears to be no doubt that the temperature in the former 
case is higher than in the latter. In neither case is any 
visible vapoui* produced, or any smell detected. Two sizes 
of burner are used at the.se glass works. Those of the 
larger size consume gallons per hour each, and the 
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smaller burners | gallon per bour each. The volume of 
air thtX)Ugh the larger is about 25 cubic feet, and through 
the smaller about 10 cubic feet per minute at a pressure of 
18 lbs,, which is only necessary where a high localised heat 
is required. One compressor driven by a 15-h.p. electric 
motor runs six large and five small burners, consuming in 
the aggregate from 20 gallons to 80 gallons per hour. The 
burners themselves are quite small things, the larger 
measuring only 10 inches over all by inches diameter, 
and the smaller 5 inches over all by inches diameter. 

The point to be observed is that the compressed air issues 
in the form of a double set. It flows right through the 
small central orifice and effects atomisation, and this is 
rendered more complete by the outer annular jet also 
issuing at the point of efflux of the 8 pra 3 \ A careful 
adjustment is necessaiy, but once effected it is permanent. 
The burner can be regulated down to about one-quarter of 
its normal consumption by the movement of the inner tube, 
which is actuated by a differential screw, as showm. The air 
enters the burner under a pressur.: of from 9 lbs. to 14ib8., 
and the oil flows in by gravity. Atomisation and com- 
bustion appear to be complete ; there is no clogging or 
carbonisation of the burner; and no part of it is subject 
to wear, which is important, as they are required to be in 
continuous action week in week out for twenty-four hours 
a day.” 

-This freedom from clogging or carbonisation is a very 
great feature, and is the inherent fault of so maiiy similar 
appliances. These burners have run for as long as eighteen 
months continuously without in any way blocking up or 
having to be cleaned. The fact that about 25 tons of 
liquid fuel per week is consumed, with ahsohiidy no mnoke, 
is, in itself, a pi’actical testimonial not only to this particular 
form of burner, but also of the advantages of liquid fuel 
for this purpose. 

The method of applying the burner to a glass furnace is 
quite simple, and it will be noticed that the flame is injected 
through a divergent opening in the furnace wall {vide fig. 
136). This tapers from about 4 inches square to 8 inches 
on the inside, thus giving a clear entrance for the atomised 
admixture. 
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No bating of the fuel, however viscous, is necessary, as 
where a particularly dense fuel is used a* slight air pressure 
bn the supply tank will at all times ensure a constant and 



steady flow. The method of ligliting up is quite simple : — 
First, the air valve leading to the central supply is slightly 
opened ; a lighted torch of oily waste is then introduced 
into the combustion chamber, after which the fuel valve 
is gradually turned on, and finally the outer air supply is 
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started. All three valves are then regulated until the 
required flame is produced, after which the burner continues 
automatically without further attention. 

The application shown in flg. 137 is probably more 
extensively adopted in America than elsewhere, for the 
reason that there, and especially in the 'western States, oil 
compares to more advantage in point of cost. So well, 
indeed, is this recognised for kiln work of all kinds out 
there, that it is quite common to find a single brick, tile, 
or pipe kiln with from 20 to 50 furnaces, all fired with oil. 
The advantages of oil — where the price does not exceed 
three times that of coal or wood — when used for burning 
clay and light-coloured brick and tile ware, consist in 
producing a much more even colouring with practically 
no deterioration from smoke, soot, or uneven heat. Again, 
for glazing brick or tile ware, oil furnaces are much more 
convenient, easily regulated, and uniform in temperature. 
For this purpose both steam- and air-jet burners are used, 
but with steam when in long lines, some difficulty results 
from condensation, and to avoid this the Schurs double 
atomiser burner shown in Chapter VI., flg. 24, was primarily 
devised, and still continues to be the iSist known for this 
work. This burner is in part a mechanical atomiser, the 
oil being fed to it at a pressure of 30 lbs., and the air at 
an equal or higher pressure; or if steam, this should be 
dry, and at not less than 50-60 lbs., and the oil at just 
sufficient head to overcome viscosity; air atomising is more 
generally adopted for kilns having down-draught furnaces, 
as shown in the illustration, and steam for up-draught kilns. 



CHAPTER XIII. 


OIL FUEL FOB LIGHTING AND DOMESTIC 
PURPOSES. 

The employment of liquid fuel for domestic purposes has 
up to the present time received comparatively little atten- 
tion, for the reasons that the price of oil prohibits its use 
excepting on a small scale, and that popular prejudice 
is against the displacement of a fuel which has "'become 
recognised as an indispensable part of domestic life. There 
is a simplicity about the matter of putting a shovelful of 
coal on the fire, and is preferred by many to gas, while the 
use of oil fuel would entail another set of conditions, and 
unless of great economic advantage would not appeal to 
the ordinary householder. 

The only countries in which any attempt has been made 
to introduce liquid fuel for heating purposes in tlie home 
have been America and Russia, where the supply of oil is 
cheap and readily obtainable. Even there, however, the 
application is not at all on a large scale, and there is an 
aversion to its use on account of erroneous ideas that it is 
impossible to burn it properly in ordinary stoves, and that 
it will give ofi‘ smoke and soot, and entail dangers not 
present in the use of coal. So settled has been this con- 
viction in Russia that even the municipal authorities of 
such towns as Baku, Tifiis, and Petrovsk, etc., have been 
constrained at one time and another to issue strict in- 
junctions prohibiting its use in dwelling-houses. 

It is rarely possible to fidapt existing stoves to petroleum 
burning, for the reason that the firing chamber and flues 
have to be specially adapted for oil fuel and are of as 
' great importance for complete combustion as the form of 
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the burner itnielf. It is true the stove introduced by 
Baskkotf some years ago for house warming and culinary 
purposes gave a soot formation of only 0*0003 per cent, of 
the total amount of fuel used (and without the aid of 
atomisation), and for this he was awarded the gold medal 
of the Imperial Russian Technical Society ; there were also 
prizes awarded for oil-burning apparatus adapted for 
domestic heating and lighting purposes, at an industrial 
exhibition lield at Petrograd just tefore the war. 

The domestic purposes wherewith a practical and simple 
form of heating lamp can be applied are very various. The 
objection to oil lamps having wick burners is only too well 
known, owing to the next to impossibility of obtaining 
perfect combustion, and, as a natural con.se(juence, when 
used in an unventilated room, the acrid vapours arising 
therefrom are alike pernicious to animal and vegetable 
life. Then, again, there is an objection to the ordinary 
form of vapour-jet burner heating lamp, owing to the 
frequent choking of the nipple, this in all blow -lamps 
having but an extremely small aperture, which calls for 
much care and some skill to clear. The vaporiser, too, of 
the ordinary lamp of this kind -is prone to get choked with 
a solid deposit thrown down from the oil, if not of a suit- 
able brand, and as the vaporiser is usually constructed in 
one piece, citlier in the form of a hollow ring, coil, or 
combination of the two, when once thoroughly clogged 
up it is obviously difficult to clear. 

In this connection great interest attaches to the Tacchella 
oil-burning device shown in fig. 138, in that it is adapted 
for low-grade oils, and is the only form of atomiser burning 
apparatus yet devised for domestic use. lliere is here 
seen a most ingenious combination of steam generator, 
steam-jet burner, and automatically controlled oil and 
water supply, all of wliich parts are mounted on one 
frame of circular form with lugs, by which the device 
may be attached to the door of a stove, hot-water boiler, 
baking oven, or other heating apparatus. 

The burner consists of a steam jet and an oil jet, the 
former having a needle valve which is the oul}?^ control on 
the apparatus. The two jets meet at an angle of about 
45”, the steam under a pressure of 10 lbs. causing the oil 
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Fig. 138. — Tacchelia oil-burning apparatus for general heating and domestic use. 
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to issue by induction. The oil and water chambers a.re 
arranged so that the oil is heated by the hot water. Both 
chambers are fitted with float-regulators for maintaining 
the oil and water at constant levels as shown, that for the 
water being connected with the annular steam generator. 
Steam for the atomising jet is superheated by a coil in 
the path of the flame, in addition to which the combustion 
chamber is supplied with pre-heated air. Starting occupies 
4 to 5 minutes, and for this a tray is provided having a 
capacity of half a gallon of free burning oil. This useful 
appamtus, which is fitted with a pressure gauge and safety 
valve, is made in two sizes, one having an outer frame- 
diameter of 12 inches, and weighing J cwt., consuming 1'5 
to 2 gallons per hour; while the smaller heater, with a 
diameter of 9 inches, consumes 0 75 to 1 gallon per hour, 
and for its size is truly the most remarkable example of 
the application of the atomiser principle. 

However, blow-lamps are extremely useful for a variety 
of purposes, such as soldering, melting tin, blistering paint, 
and for general domestic and other purposes, wherewith 
it is an advantage to be able to quickly obtain a heat of 
high intensity and wdth but little trouble. The form of 
burner most generally used consists of a double loop 
depending at right angles (fig, 139) from a tubular ring v, 
one of these tubular loops being brazed to the connection 
for tlie oil container, and the other used to carry the 
vapour nipple b. A dished tray p is provided for holding 
a little methylated spirit to be used to heat the vaporiser 
before turning on the paraffin. 

In order to remedy in part the liability of blow-lamps 
from choking, the writer, some years ago, devised a vapour 
burner (viclfi fig. J40), in which the vaporiser -rt was con- 
structed in the form of an annular conoidal-shaped box 
having a removable cover I for cleaning, A burner with 
this improvement, however, after a prolonged use (extend- 
ing to some 100 hours), such as when kept continuously 
alight in maintaining the vaporiser of an oil engine at an 
even temperature, was sooner or later found to give trouble 
from clogging of the burner nipple, althougli the sjmee 
between the sides of the vaporiser was packed with gauze 
and the best brands of kerosene or paraffin oil were used. 
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An effectual remedy for this difficulty was eventually found 
to consist in placing a renewable core of filtering substance, 
as at /, in the path of the vapour ; silicate of cotton or 
asbestos answering the purpose equally well. 

Owing to tlie extremely small outlet for the vapour and 
the very delicate clearing prod necessitated for opening 
the nipple nozzle to its full extent, and the next to 
impossibility of effecting this while the burner is alight 
owing to the fusing of the wire used for this pui-pose, 
some difficulty was still 
experienced; this fault, 
however, was to a great 
extent obviated by the 
use of a burner hav- 
ing an adjustable feed, 
as illustrated in fig, 

141. In this blow- 
lamp, which is shown 
adapted for ordinary 
purposes, the same form 
of vaporiser n and fil- 
tering plug / were 
used ; but the burner b 
was provided with an 
inverted pin valve p, 
having a finely taper- 
ing end, by which, and 
the thumb-nut pro- 
vided, the intensity of the flame could be nicely adjusted 
to suit any ordinary requirements; a regulator of this 
kind is also useful for clearing the burner when showing 
signs of choking. As in all successful burners of this 
type, the vapour jet strikes against a deflector, and in this 
case consists of three hollow ribs e. 

The modvs operandi for a vapour-jet burner is usually 
to first heat the vaporiser by a little nieth^dated spirit for 
a minute or two, or the same effect (if in the open) can be 
obtained by lighting a piece of cotton waste or wadding 
previously saturated with burning oil ; then, by means of 
the air plunger provided on the oil container, to pump up 
gently a little pressure until the flame bums steadily and 

19 




Fig, 139.— Vuiioiir burner used in tbe rrimus, 
Vulcan, etc., class of blow-lamps for bcat- 
ing purposes. 
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blue at the base, when the lamp may be set to its work, 
and, after a further Japse of three minutes or so, the air 
pressure may be increased to suit. In this connection it 
is an advantage to use an oil container, having a large 
space for the air pumped in, so that the pressure may bo 
maintained more equably against absorption and leakage. 


e 



Fig. 141. — liutler jet bumor with vapour regulator vulve. 

The best plan to adopt in extinguishing the flame is to 
free the air pressure, which effectually prevents spilling 
of oil, and escape of vapour after the flame has been put 
out. It is important in all jet burners to heat thoroughly 
the vaporiser before starting, and to use very little pressure 
until the flame burns blue. 

The vapour jet or blow-lamp can also be adapted for 



oxXj irtrlsti* 


lighting, and is^ for out-of-door purposes, specially suited 
for intermittent use, and is further extremely economieaL 
Its great light-generating power may be judged when it is 
considered that a lamp weighing not more than 140 lbs., 
fully charged, and having a maximum height of 6 feet, is 
capable of producing a flame of some 1000 candle-power on 
a consumption of about half a gallon of oil per hour. A 
lamp of this size is illustrated by fig. 142, from which it 
will be seen that the vaporiser is a simple coil of steel pipe 
terminating at the burner placed some diatance below the 
coil, and provided with a short branch carrying the nipple 
and clearing plug t The coil is encased in a tubular 
metallic shield s, and is provided with an opening for 
air, the extent of this opening determining tlie colour 
and luminosity of the flame. For instance, with the air 
shutter wide open, the flame burns blue and the lamp can 
be used for heating purposes, and when partly or wholly 
closed the colour of the flame is yellowish wdiite, just 
suflicient air being admitted to prevent smoke. A strong 
point in favour of this lamp is the practice adopted for 
clearing tlie vaporiser coil by a blast of air from the 
container on shutting down; thus, instead of putting out 
the flame by allowing air to escape, as recommended for 
small blow-lamps, the burner sup})!}^^ pipe is fitted wiUi an 
air-stop valve and an oil valve, tlie latter being closed to 
extinguish tlie flame, and the former opened, thus allowing 
a blast of air to blow out any solids dej)osited, this action 
being further expedited first removing tJie plug t. No 
filtering medium is employed, but on the nipple exliibiting 
signs of choking, the oil is turned ofl* for a moment and 
the air turned on, which process, in conjunction wdth tlie 
judicious handling of a suitable clearing prod, usually has 
the desired effect of freeing the nipple outlet. 

It is important to maintain an equable pressure in the 
contidner (about 20 lbs. per stpiare inch giving the best 
result), and to facilitate this being done, all lamps except 
the smallest sizes are provided with a pressure gauge, as 
shown at g. In regard to the starling of a lamp of this 
type, the same general directions should be followed as 
have already been given; emphasis is, however, laid on the 
advisability of thoroughly heating the coil before turning 
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on the oil, in order to minimise the escape of utibunit 
vapour. As above pointed out, all vaporisers are liable to 
get choked with continuous use; however, an effectual 
remedy for this is to heat the coil to dull redness, remove 
the plug t, then allow the coil to cool, tap the coil smartly 
all round with a hammer, and after this turn on a blast 
of air from the container, for which purpose the pressure 
may be a little higher than that required for working 
the lamp. 

In the Wells blow-flame burner (fig. 143) the vaporiser 
V consists of a square casting in which are drilled a single 



Fjq, 143. — WcIIh kerosjiie blow lamp amiiiged for boating. 


or double series of holes for the passage of the oil or vapour, 
intercommunicating with each other so as to form a con- 
tinuous ring. The advantage of this is the easy clearing 
of the vaporiser passages, when the plugs g are removed, 
thus obviating the necessity for disconnecting the vaporiser 
from the container. A blow-lamp has the advantage of 
being adapted for either lighting or heating, and of work- 
ing at any inclination either upwards or downwards. The 
noise caused by the combustion of the high-velocity jet of 
superheated vapour can be materially modified by arrang- 
ing a baffle over the flame or by the use of a difiuser 
chamber over the vapour jet, by which means the vapour 
and air can bo distributed over a considerable area and 
be allowed to issue from a number of openings without 
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diminishing to any appreciable degree the heating value of 
the burner. 

Blow-flame lamps are particularly useful for repair, or 
emergency work of all kinds; are proof against wind, rain, 
and rough handling; are entirely self-contained and very 
easily set to work; but are not suitable for permanent 
installations, where a steady light with quiet action is 
required. For these purposes incandescent or mantle lamps 
— ^ranging in power from 100 to 1000 c.p. — are extensively 
used for both indoor and outdoor lighting, where neither 
gas nor electric power is available, such as for street 
lighting in small towns, countryside railw^ay stations, 
factories, and the like. Lamps of this kind are limited to 
the use of reflned oils of either the kerosene or benzine 
series, of which the Kitaon, Empire, Standard, Wells, and 
Helvetia are the best known; besides which mantle lamps 
are made to burn alcohol, of which the Stade lamp with 
inverted mantle is the most used. 

The essential elements in the Kitson paraffin-oil mantle 
lamp^ — for many years the only successful oil lamp using 
a mantle — are three, namely, the lamp (fig. 144), the oil 
reservoir and the tubing. The oil is kept in a special 
reservoir, of drawn seamless steel, fitted with a glass gauge 
to shoW' the quantity of the oil in the tank, a pressure 
gauge, and a check valve for automatically cutting off 
the supply in tlie event of any damage being done to the 
pipes. The reservoir may either be immediately con- 
nected to tlie lamp, so as to make the whole arrangement 
self-contained, or it may be situated at some distance, the 
oil being forced along the pipes to the lamp by suitable air 
pressure. 

The reservoir is filled one-third full of paraffin oil of a 
vspecial variety, as it is essential to use a special i^juality of 
oil recommended for these lamps; inferior varieties lead 
to carbonisation and the deposit of soot, which is apt to 
choke up the burner. Air is forced into it by means of a 
small hand-pump until the gauge shows that a pressure of 
55 lbs. to 75 lbs. per square inch has been obtained. 
Immediately below the pressure gauge there is a valve; 
when this is opened oil is allowed to flow into the tul)e 
^ The Mechfinical Engineer. 
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attached to it, by which it is conveyed to the vaporising 
tube in the lamp. This is kept at a high temperature, and 

the vapour is ejected 
into the mixing cup 
T and thence into the 

M mixing tube. In 

S passing in, it carries 

with it a sufficient 
amoxint of air to 
support combustion; 
thus the oil vapour 
and air become 

, m thoroughly mixed to 

form a highly com- 
! j bustiblo gas, which 

j : is led into the 

i i burners and brings 

them to a vivid in- 
candescence. 

Once the lamp has 
been started the va- 
porisation continues 
automatically, the 

$ JL— rf being sufficient to 

^ keep the parts into 
_ ^ y _ which the oil is in- 

T 1 111 jected at the neces- 

i U ill -~M«ingU» , temperature. 

JiPf ftl however, neces- 

lamp by some pre- 
heating device, and 

5^0. 144. — Diagram of Kitson vapour lamp for there are three chief 
out<ioo]' use. methods in use : — 


(1) Spirit Igni- 
tion . — This is the simplest and most economical method 
when only a few lamps are installed. A small can is 
provided which contains the exact quantity of methylated 
spirit required, and this is poUred into a cup fitted on the 
reflector, whence it passes down a tube into the burner 
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Bud is ignited by a match. The burning spirit heats up 
the vaporiser tube, and in about one minute this becomes 
sufBciently hot. The oil may then be turned on at the 
supply valve and becomes ignited, and the lamp should 
continue to work automatically. 

(2) Oas Jc/niiio'n.—'When gas is available in a building, 
a Bunsen burner and pilot jet may be htted under the 
vaporiser tube and connected with the gas mains. By 
pulling the chain, gas is turned on and ignited from the 
pilot, and in about one minute heats up the vaporiser 
sufficiently. As soon as the mantle becomes incandescent, 
the gas burner may be turned off, the gas consumed is 
therefore very little. 

(3) Electrical Ignition , — This system is used in conjunc- 
tion with petrol, and enables the lamp to be conveniently 
started from a distance. A switchboard is fixed to the wall 
in a suitable place, and on this is fitted an injector by wduch 
petrol is forced into tlie burner. An electric spark between 
two electrodes ignites the vapour. This spark is readily 
produced from a battery of dry cells and coil. The period 
of heating up in this case takes about 2 minutes. 

The largest lamps give approximately 1000 C;p.,and such 
a lamp with oil at 2s. per gallon will cost 8d. per hour. 

But by far the most extensive application of paraffin for 
illuminating purposes is in the universal flat wick lamp ; 
and in its improved form, with sleeve-wick burner stretched 
over a metal carrier, flame deflector disc, and especially 
annealed chimney, leaves little to be desired for the small 
country house when carefully trimmed and supplied with 
a highly refined deodorised oil ; which remarks also apply 
to the Valor two- and three-burner, single reservoir, cook- 
ing-stoves os supplied by tbe Anglo-American Oil Co., 
these having a very practical form of index flame control 
with mica sight, asbestos lined chimneys, and burn steadily 
and long without smoke with just ordinary attention. 

Quito a number of carburetted air-gas installations are in 
use in country houses, such being provided with generators 
known under various titles, as safety gas, aerogen, etc. 
The advantage of this gas is its adaptability for use in 
■ ordinary mantle burners ; the generating apparatus, too, is 
simple, quiet, and automatic in «&tion, and therefore well 
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adapted for the ;gurpofles named. In point of cost for 
installation, fuel, and upkeep, an air-gas plant compares 
well with an electric installation, especially where the 
number of lights does not exceed 30 to 100 or so; also 
with town gas lighting, where the cost per 1000 cubic 
feet is upwards of 5s., and petrol at Ss. per gallon. 

About 1000 cubic feet can be made from 1 gallon of 
petrol of a special quality — which, by the way, should not 
exceed 700 specific gravity— and then forms a mixture 
which is non -explosive; if, however, the mixture is much 
richer than this, oil will condense in the pipes, and if much 
leaner will be explosive. The essential feature in the 
generating apparatus is the production of a saturated 
mixture of petrol and air, for which purpose such apparatus 
are generally arranged with a incaBuring pump, or its 
equivalent, for the petrol supply working in conjunction 
with a rotary or other form of positive action air pump ; 
but as the volumetric displacement of the air impeller or 
forcer device is from 5000 to (3000 times greater than that 
of the petrol supply, it will be scon that it is important 
for these to be actuated in a regular and constant manner, 
under widely^ varying conditions. The necessary motive 
power for small plants is generally derived from a falling 
weight, and for large plants, either a hot-air or water 
motor. The simplest form of air-gas generator, and one 
that may be actuated without a motor of any kind, consists 
of an air chamber, a carburetting chamber, and a settling 
chamber; in such an apparatus the required saturation 
degree can be determined by a bye-pass between the first 
and second chambers, and the quantity of gas genei’ated 
by the inflow of water to the air chamber from an ordinary 
house cistern. 

In closing tliis chapter mention must also be made of the 
Mansfield oil-gas producer, the object of which is to place 
in the hands of scientists whose laboratories are often 
removed from the advantages of a supply of town’s coal 
gas a complete plant of great durability and simplicity, 
by which can be made a constant supply of gas from any 
kind of oil, mineral, animal, or vegetable. 1000 cubic feet 
of oil gas, which is the equivalent of about 3000 cubic feet 
of average coal gas, requires from 10 to 12 gallons of solar 




Fig. 145.— Sections showing the Mansheld oil-gas generator. 
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oil plus 2 cwta of coal, and will cost about iQa with oil 
at Is. per gallon ahd coal at 2a per cwt. ; add to which 2a 
per thousand for retorb and fireclay renewals, brings the 
total cost to 12s., which is then the equivalent of coal-gas 
at 4s. per thousand- 

The generator, as shown in fig. 146, operates on the 
retort system; oil, which may be of any kind, refined, 
senii-refined, or residual, is supplied to the retort by a 
syphon and is immediately converted into gas, which rises 
into the bonnet, and thence down the stand-pipe to the 
hydraulic seal, whence it passes on to a gas-holder. In 
starting up, a fire is first lighted, and a steady heat 
maintained until the retort is heated to redness; around 
the top of this is an annular recess into which the bonnet 
rests, and around the top of the downtake another recess 
for the other end of the bonnet ; tliat over the retort is 
partly filled with lead, and that over the downtake with 
water, thus forming a seal at botli ends. The gas thus 
produced is absolutely fixed and can be piped to any 
distance. 
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Werner, 233. 

vapour, paraffin, for blow -lamps — 
Sinclair, 292, 298. 

Wells, 294. 

vapour, paiartin, for heating — 
Baskoff, 286. 

Butler, 290, 291. 

Primus, 288, 289. 
vapour, paraffin, benzine, and 
alcohol, fur mantle incan> 
descent lamps — 

Kitson, 295-297. 
wick lamps — 
flat wick, 297. 
tubular, 297. 

Valor cooking, 297. 


Califoenia, oil production of, 2, 3, 
0, 7, 9, 15. 

Calorific values of different oils, 22, 
26, 149. 

Canada, oil deposits in, 4. 


Canada, oil production of, H, 12, lb, 
16,17. 

, oil supply falling off, 11, 14, 15. 
Carburetlod air, oil for, 88. 

Chamber burners, description of, 70. 
Chemical composition of liquid 
fuels— 
alcohol, S3. 

American ciiide, 30. 

Beaumont, etc., crude, 29. 
benzole, 40. 

Borneo etude, 28, 45, 47 
Burmah cnide, 28. 

California crude, 28. 
gasolene, 38. 

Kern river crude, 30. 
kerosene, 38. 
methane, 37. 

Mexican, 22, 32. 
naphthalene, 40. 

Ohio crude, 29. 

Pennsylvania crude, 29. 
potit)leum oils of the paraffin series, 
34, 35. 

olefin series, 84. 

-.petroleum residue, 26. 
various crude oils, 26, 28. 

Chemical composition of products of 
combustion, 46. 
various Briti.sh coals, 40. 

Coal, })rodu(;tion of — 

Germany, 13. 

Great Britain, 13. 
other countries, 1 3. 

United States, 13. 
world’s total, 13. 

Coal as fuel, comparison with oil, 21, 
22-25. 

Compensating pressure burner, 103. 
Conditions of combustion in oil-fuel 
furnaces, 41-49. 
carbon, deposition of, 42. 
tjfl'ect of steam, 42, 43. 
Consumption of air in burners, 119, 
124, 177. 

of oil with forced drauglit, 126, 
149, 176. 

with natural draught, 127, 182. 

in S.S. Baffle, 173. 

in S.S. Ooiortc, 132. 

inS.S. Furieux, 178. 

in S.S. King Charles, 134. 

in S.S. 161, 

in S.S. Sabine, 168, 164. 
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<k>iisumptlOB of oU in S.S, Vuleo^nus^ 
168. 

in trials wUh Meyer* Smith fur- 
nace^ 145 . 

in trials with Orde burner, 84. 
Consumption of oil in trials with 
Wallsend burners, 149. 
in U.S. desti’oyers, 168. 
in U.S. Liquid Fuel Board tests, 
119, 126-130. 
theoretical, 176. 

Consumption of oil fuel in loco- 
motives, 207, 208, 211. 
in metallurgical furnaces, 253, 260, 
267. 

Cooking lamp, 297. 

Cost of lighting with mantle lamps, 

297. 

of melting metal with oil, 263, 266, 
278. 

of an oil well, 2, 3. 
of piping oil, 6. 

of producing carburotted-air gas, 

298. 

oil gas, 300. 


Da ta as to amount of compressed air 
required for atomising oil, 124. 
steam required for atomising oil, 
122, 123. 

temperature and pressure re- 
quired for atomising oil, 124, 
observed in firing with oil fuel — 
on Dutch torj)edo*boat9, 172. 
on French battleship, 174. 
on French torpedo-boats, 178. 
on S.S,' Aquitaniat 211. 
on S.S. Goncht 28. 
on S.S. Cowrie ^ 182. 
on S.S. Sabine f 163, 164. 
on S.S. Slromhus, 23. 
on S.S. Surly, 166. 
on U.S, destroyers, 168. 
observed in melting metal with oil 
fuel^ 

with Morgan furnace, 263, 266, 
267. 

with Rockwell furnace. 253. 
with Stock furnace, 276-279. 

Density of fuel oil, requirements of 
British Admiralty, 186. 

Diagram of Rolland-Mauolere system 
of motor*ST)irit storage, 240; 


Diagram of Snell system of motor- 
s]>irits torage, 237; 

Distillation, fractional, 30, 31. 
temperature required, 46. 
tests, 32, 36. 

Drake’s discoveiy of oil, 1, 14. 
Drooling burners, description of, 70. 

Eaely combustion methods, 50-64. 
British Navy, 184-186. 

French Navy, 173. 

Italian Navy, 174. 

U.S. Navy, 168-172. 

Economy obtainable by internal com- 
bustion, 25, 163, 164. 
EflB-ciency, difference of, between coal 
and oil-firing. 23, 24. . 
England, oil deposits in, 3, 12. 
Evaporation efficiency with oil fuel, 
57, 118, 123-124, 126-130, 
174. 

theoretical, 176, 181. 

Expeiimeutal boiler, 111. 
trials with oil fuel, 119, 

U.S. Navy, 182. 

Experiments in firing with oil, 46, 66, 
63, 112, 185. 
with 60-ton snielter, 249, 
with oil-fired melting furnace, 253. 

Filterino apparatus, arrangements 
of — 

Meyer, 137. 

Wallsend, 161, 179. 

Zulver, 166. 

Filters, burner — 

Butler, 291. 

Middlemiss, 106. 

Schutte-Korting, 96. 

Thoniycroft, 102, 

Fuel oil, composition of, 27-29, 
Furnace, oil-hred glass, 280, 282. 

kiln, 283, 284. 

Furnace fronts — 

Meyer-Smitli, 144. 

Moore-Scott, 168. 

Thornycroft, 176. 

White’s, 160. 

Furnaces, oil-fired boiler — 

Adams’, 50. 

Audouin’s, 51. 

Babcock- Wilcox, 101. 

Baldwin, 203. 

B«st, 201 
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Furnaces, oil-fired \mlex-^c<yiUinued 
Brai^tX 54. 

Clarke-Chapmau, 9S, 177.. 
Dorsett’s, 58. 

Foote’s, 52. 

Hayes’, U5. 

Holden, 194. 

Kermode, 1 95. 

Kortiiig’s, 157. 

Lauoasliire, 92- 
launch boiler, 225. 
lorry boiler, 21H. 
marine, 121. 

Meyer, 139, 141, 148. 
motor-bus bailer, 227. 
motor-car boiler, 280. 
Schutte-Kbrting, 171, 218. 
Selwyn’s, 55. 

Southern Pacific, 20(3, 209. 
Stirling, 72, 74. 

Urqubwt, 62, 197. 

Wallsend. 143-150. 

White, 160. 

Yarrow, 86. 

Zulrer, 164, 165. 
oil-firod brick kiln, 288. 
oil-fired cniciblo melting — 
Alldays’, 258. 

Morgan, 262, 265. 

Steele- Harvey, 257. 

Stock, 277-279, 

Taite, 252. 
oil-fired glass — 

Carbogeii, 280. 
oil-fired metallurgical — 

Ferguson, 271. 

Hoveler, 269. 

Nobel, 248. 

South em Pacific Railway, 265. 
Ufa, Russia, 242. 
oil-fired reverberatory — 

Alldays’, 261, 

Rockwell, 252. 
Siegen-Lotliringer, 276. 
oil-fired rivet — 

Empire, 278. 

Holden's, 251. 
oil-fired smelting — 

Holloway, 246, 247. 

Riveroll, 248. 

Oamcia, oil production from, 6, 15, 
16. 17. 

Oas-oil, composition of, 26. 


Gasolene, eomjwsitioii of, 26, 88. , 
Germany, coal production from, 18^ 
oil production from, 16, 16, 17. 
Glass furnace, oil-fired, 280. 

Great Britain, coal production from, 
18. 

Heat balance of Borneo oil, 26* 47, 
45. 

value, alcohol, 40. 

Beaumont oil, 80. 
benzole, 89. 

Burmah oil, 28. 

California oil, 28. 

S isolene, 88. 

em River oil, 30. 
kerosene, 88. 
liquid fuel, 18-26. 
methane, 37. 

Mexican oil, 82. 
nai>hthalene, 40. 
values, table of, 26. 

Heating air supply, advantage of, 
118. 

apparatus, oil, 137, 151, 156, 179, 
180. 

Hydraulic system motor- sjurit stor- 
age, 237. 

Illikois, oil ])roduction of, 8, 15. 
India, oil production of, 17. 

Indiana, oil production of, 8. 

Inert gas system of motor-sxnrit 
storage, 240. 

Internal combustion engines, economy 
of, 25. 

Italian Navy, oil-fired apmratus for, 
174. 

Italy, oil production of, 15, 16. 

Japan, oil production of, 15, 16, 19. 
Java, oil production of, 5, 10. 

Kansas, oil production of, 8. 
Kentucky, oil production of, 8. 
Kerosene, boiling-point of, 86. 
composition of, 88. 
fractional distillation of, 30, 81. 
heat value of, 88. 

Kiln, brick, oil-fired, 283. 

Lamps, blow-, for heating, 289-295. 
for lighting, 298. 
incandescent mantle, 296-297. 



INDEX. 


SO? 


Laud arranged for oil-firings 

74, 81, 86, 90, lOJ, 108, 111, 
115. 

burners used in, 65-109. 

Lighting ptirposes, oil fuel for, 292, 
298, 296-800. 

Liquid fuel, advantages of, 24. 
Ijoooinotive fire-boxes, for oil-firing— 
6n Baldwin system, 203. 
on Best system, 201. 

.. on Holden system, 189, 192, 194. 
on Kermode system, 195. 

Oil Korting system, 218. 
on Son them Paeific system, 206, 
209, 

on Urquhart system, 197. 
on Verderbuv system, 1 97. 
tendei*8, for oil fuel, 198. 
Locomotives, armnged for oil- firing, 
188-214. 

for mixed filing, 190, 211. 
Louisiana oil, analysis of, 33. 

production of, 8, 16. 

Luminous fiame, elfect of, 41. 

Maikop oiLfields, 6. 

Marine boilers, arranged for oil -firing, 
188, 189, 143, 150, 151, 167, 
170, 177, 179, 180. 
purposes, oil fuel for, 131-164. 
Melting furnaces, oil-fired, 252, 257, 
268, 261, 263, *264, 266, 275, 
277-279. 

Metallurgical furnaces, 248, 255, 271. 

purposes, oil fuel foi*, ‘260-802. 
Methane, composition of, 37, 

Mexican oil, analysis of, 22, 26, 82. 
Mexico, oil deposits in. 6. 
oil production of, 5, 8, 9, 16, 16, 17, 
211 . 

Modem Pumpm-g and Hydraulic 
Maehinei'y^ drilling and pump- 
ing methods described in, 8. 
Motor-boat boiler, oil-fired, 226. 

-bus boiler, oil-fired, 227. 

-car boiler, oil-fired, 230. 
fire-engine, oil-fired, 219. 
launches, oil-fired, 280. 
lorry, oil-fired, 216. 
spirit, consumption of, 13. 
vehicles, oil fuel used for, 216-241. 

purposes, oil fuel for, 165-187. 
Navy Boar^ U.S., tests by, 182. 


Navy, advantages of oil for, 184. 
Britialik experiments with oil-firing 
in, 166. 

use of oil fuel in, 185. 

French, early methods of oil- firing 
in, 178. 

mixed firing iti, 161, 182. 

. Italian, oil-firing methods in, 167, 
174. 

United States, oil-firing apparatus 
used in, 169. 

Ocean liners, liquid fuel in, 24. 

Ohio oils, analysis of, 33. 
comjK)sition of, 29. 
distillation of, 29. 

Oil as fuel, comparison of, 18-26. 
-bearing strata, 1 , 2. 
depth of, 2, 3. 

Oil-fields — 

Algeria, 11. 

Baku, 2, 3. 

Borneo, 2, 5, 6, 10. 

Biirmah, 3, 5, 11. 

Californian, 2, 7, 9. 

Canada, 6, 11, 12. 

Caspian, 2, 9. 
cost of, 2, 3. 

Dutch Indies, 10. 

England, 3, 12. 

Galicia, 5. 

Maikop, 2, 3. 

Mexican, 2, 5, 6, 8, 9. 

Oklahoma, 8. 

Pennsylvanian, 3, 7, 8. 

Peru, 11. 

Roumauia, 5, 10. 

Russia, 5, 9, 10. 

Scotland, 3. 

Texas, 7, 8. 

Trinidad, 1 1. 

U.S.A., 8, 14. 

Oil-firing, compared with coal-firing, 
18-25. 

first attempt, 167. 
in British Navy, application of, 
184, 185. 

early exi>eriinents with, 166. 
in P’l'cnch Navy, early experi- 
ments with, 178. 
with coal, 181, 182. 
in Italian Navy, 167, 174. 
in U.S. Navy, application of, 167- 
^ 72 , 
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Oil>firmg i» TJ. S. Kavy, early experi* 
mentswith, 167. 

Oil fuel— 

conditioBs of combustion of» 41-40. 
early combustion methods for, 60- 
64. 

foi* domestic purposes, 285-291, 
297* 298. 

for kiln work, data as to, 283, 284. 
for lighting, 292-300. 
for locomotives, 188-214. 

. for marine purposes, 131-164. 
for melting glass, 277-283. 
for melting metal, 207-276. 
for metallurgical purposes, 242-256. 
for motor launches, 222-225, 234, 
285. 

for naval purposes, 166-187. 
for load vehicles, 224-234. 
for starting oil-engines, 288-291. 
plant^ efficiency of, 118, 119. 
question of supply, 14, 15-17, 184- 
187. 

Oil gas, advantage of, 298. 

Mansfield producer for, 299, 800. 
sands, characteristics of, 2. 
transport, 6. 

wells, boring, drilling, and pump- 
ing ap^ianoes for, 2, 3. 

Oils, mineral, origin of, 1. 

Olefin oils, characteristics of, 84. 

PAJIAFFIN hydrocarbons, table of, 36. 

oils, characteristics of, 35. 
Pennsylvania oils, composition of, 29, 
33. 

distillation of, 29. 
production of, 7, 8, 15. 

Percentage of steam required for 
atomising oil, 116, 122, 128. 
Peruvian oils, composition of, 33. 

production of, 11, 15, 16, 17, 
Petrol, CO® system of storage of, 
240, 241. 

hydraulic system of storage of, 
237. 

State regulations for, 236. 
world’s consumption of, 286. 
Petroleum, production of, 2, 13. 

geological conditions favouring, 

2 . 

production, tables of— 
from California, 9. 
from Dutch Indies, 10. 


Petroleum, production, tables of— 

from Mexico, 8, 9. 
ft'om Pennsylvania, 7. 
from Koumania, 10. 
from Russia, 10. 
from United States, 8, 14. 
world’s total, 6, 8, 35, 16, 17, 
residue, composition of, 26, 42. 
sources of supply, 1. 

Pressure-jet burners used in land and 
marine boilers, 66-109. 
oil-firing systems— 
advantages of, 110-125. 
Continental, 152-155. 

Holden. 65-70, 138. 

Kermode, 99, 100, 180. 

Kbrting, 92, 159. 

Meyer, 136-142. 

Meyer-Smith, 143-145. 

Moore h Scott, 155-159. 

Schutte* Kbrting, 169-171. 
Thornycroft, 176. 

Wallsend, 146-151, 177-179. 
White’s, 160-162, 

Zulver, 153-156. 

Problems in the design of a warship, 
188-184. 

Products of combustion,' composition 
of, 46-46. 

heat carried away by, 46. 


Radiant heat, conditions favouring, 
41. 

Railways, data as to oil fuel used 
on — 

Austrian State, 109. 

Caledonian, 198. 

Chemin de Fer d’Est, 63. 
Crrari-Tsaritsin, 60, 195-198. 

Great Eastern, 188-198. 

Great Northern, California, 210. 
Great Southern and Western, 207. 
Lima, Peru, 72, 203. 

Lob Angeles, 199. 

Mexican State, 210. 

Midland, Ireland, 193. 

National, Mexico, 210. 

Paris, Lyons, and Mediterranean, 
193, 200. 

Roumanian State, 198. 

Shin-Yetsu, Ja|>an, 199, 

Southern Pacific, 204-207. 



INDEX. 


309 


T^U of oombufltian iu locomotives^ 
207. 

Eeactions in oombtistion of hydro- 
carbons, 48. 

Eebnnhcring at sea with oil, 19. 
EeffiiUtion of the air supply, 48, 
Eeutive advantages of difl'erent 
atomising agents, 110-180. 
Eeverberatoiy ramaces, oil fire<i— 
Arizona, 274. 

Charlier, 261. 

Eodcwell, 262. 

Siegen, 276. 

Eoumania, oil production from, 6, 10, 
16, 16, 17. 

Russia, oil production from, 6, 10, 16, 
16, 17. 

Russian oils, analysis of, 26, 83. 
characteristics of, 8, 6. 

Sakoa oil, 81. 

Scotland, oil production of, 15. 

Shale oil, Scotch, 8, 12. 

Ships, data as to use of oil fuel in — 
Awaliat Baffle i 178. 

Ammen^ awTOtcSf 168. 

Aquitania, 24, 107. 

C?am, 23. 

Conth^ 23. 

182. 

Delaware, 70, 174, 

FurievM^ 178. 

King Charles, 134. 

King Edward VIL, 166. 

McCall, 160. 

Uurex^ 23, 

Nevada, 169. 

Obe7'on, 56. 

Oklahoma, 169. 

Duehla, 53. 

1*UTVLS, 161. 

Ectrievcr, 52, 66. 

Sabine, 25, 168. 

Strombas, 28. 

Surly, 166, 

Smff<, 166. 
yulcanus, 168. 

Wartingim, 168, 

Size of oil wells, 2. 

Smelting furnaces, oil-fired-— 
Holloway, 246, 247. 

Riveroll, 248. 

Sources of supply of petroleum, 1, 2. 
Stack temperature, elfect of, 49. 


Standard oil-fuel density, etc., for 
British Admiral t}[, 186, 187. 

Steam, effect of, iu atomisation, 42. 

Storaije of motor spirit, 286-241. 
of ml fuel for locomotives, 190. 

for the Navy, 191. 

Stores of coal available, 13. 
of oil availsble, 8, 4, 14. 

Synthetic liquid fhels, 16, 17. 

Tablis— 

of paraffin hydrocarbons, 36. 
of production of petroleum for 1909, 

for *1918, 16. 

for 1914-1918, 16. 
of production of petroleum— 

America, 8, 14. 

Dutch Indies, 10. 

Mexico, 9. 

Pennsylvania, 7. 

Roumania, 10. 

Russia, 10. 

showing calorific values of different 
fuels, 26. 

first sixteen paraffin constituents 
of petroleum, 36. 

results of experiments by TJtS. 
Liquid Fuel Board, 119. 

result.s of tests by U.S. Liquid 
Fuel Board, using air -jet 
burners, 126-128. 
using steam-jet burners, 1 29, 
130. 

w'orld’s output for sixty years, 17. 

for the last ten years, 9. 

Tampico oil-fields, 2, 6. 

Tar oil, production of, 16, 17. 

Technical Institutions, Proceedings of 
(illustrations and particulars 
taken from) — 

American Society of Mechanical 
Engineers, 122. 

BureauofSteam Engineering, 123. 

^Oaliforuian Miners' Association, 
249. 

Imperial Russian Technical 
Society, 286, 

Institution Marine Engineers, 
163. 

Institution Mechanical En- 
gineers, 156. 

Inteniational Railway Congress, 
189. 
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Technical Institutions, Proceedings 
of^cantinued . ' * 

I^ational Hailroad Master Biaok* 
smiths^ Association, 26S. ' 
Pittsburgh Foundrynien *8 Associ- 
ation. aps. 

Journals (illustrations and t)articu- 
lars, taken from)— 

Autocar, 230, 239. 

Engineering Review, 68. 

Ignition, Carburotion, Lubrica- 
tion, 34. . 

Petroleum Review, 246. " : 

The Engiueer, 174, 274.. 

The Locomotive, 198. 

The Marine Engineer and Naval 
Architect, 163. 

The Mechanical Engineer, 257, 
296. 

Texas oil -fields, 7. 

production of, 8, 16, 

oils, analysis of, 33. 

Theoretical evai)oration, 176. 

Time, data as to, reouired for melting . 
metal in oil-fired furnace^, 
263, 260, 265, 267. 

Transjjort of fuel oil, 186. 

4)ipe lines. 5. 

Trials by U.S. Liquid Fuel Board, 
119, 126-130. 

results of, with oil-fired metallurgi- 
cal furnace, 253. 


Trials, results of,. with oil on Jacobi 
locomotive, 211. 

With oil on Meyor-flmith system, 
345. - ^ 

with oil on Southern Paci^c 
Railway, 207. 

with oil on WaUsend • system, 
149. 

Trinidad, oil prcxiuction of, 11, 16, 
16, 17. ■ 

Status, oil production of, 6, 
7, 8, 9, 14, 16, 16, 17. 

Water, data as to," evaporated per 
lb. of oil- 

in destroyer boiler, 168, 172. 
in land boiler, 139, 123, 124. 
in locomotive, 207, 211, 
in lorry boiler, 217. 
in marine boiler, 146, 149. 
data as to, eVaiK)rated per square 
foot of heating surface per 
hour, witli oil fuel — 
in locomotive, 208, 211. 
in marine hoiler, 149. 
effect of, on heat value of oil fuel, 
47-48. 

Wells, oil, life of, 14. . 

World's supply, coal, 4, 18. 
crude oil, 13, 14, 16, 16, 17- 
motor, spirit, 13, 236. 
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The 



OIL FUEL SYSTEM 


is the perfected 
resu It of nearly 
20 years’ experience. 

It consists of an installation, as illus- 
trated, for filtering and healing the 
oil to the requisite temperature, and 
spraying it into the boiler furnace 
under pressure, with the correct ad- 
mixture of air to ensure perfect com* 
bastion, wiihouf the admission of steam. 

Conversions from 
Coal to Cil Fuel 

carried out on all types of vessels 
with natural or for-ced draught boilers, 
closed stokehold, or for Howden’s 
forced draught. 

See page 176 for illustrated description of. the 

lliORNYCRiOlT 

OIL FUEL SPRAYER 

Already fitted to vessels totalling over 2,260,000 h.p. 

JOHN I. THORNYCROFT & CO., LTD. 

Engineers and Shipbuilders, SOUTHAMPTON. 

Head Office : 10 Grosvenor Blace, LONDON, S.W. 1. 



Increase of Efficiency^ 

Owing to tht dean condition in which the boiler heating surface 
can be maintained and the completeness of combustion obtainable 
with a good system of oil firing, there is a considerable increase 
in boiler efficiency when using liquid fuel. Under average 
working conditions a coal-fired furnace does not, as a general 
rule, give an efficiency greater than 50 per cent., whereas, when 
burning oil, 80 per cent., and even more, of the theoretical 
heat value of oil is recovered under ordinary conditions. 




For Bunkers, Diesel 
Engines, etc. 


Tfu A American Oil Cp., Lid.^ will be (^leased U 
receive in^ju tries for all grades 0/ Fuel Oily svj^pties oj 
which can be furnished front the Company s installations 
at the thief forts of the United Kingdom and Ireland; 
also the princifeU Colonial and Foreign ports throughout 
the world. 



Inquiries should be addressed : Fuel Oil Department, 

ANGLO-AMERICAN OIL CO., Ltc 

36 Queen Anne’s Gate, Westminster, London, S.W. 
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ANL API =1 

DLSiGISrD 1 
roR'OniCK 1 
CONVERSION i 

f-ROM COAL 'J 
'OOIL 

ricRMNC 
DLSiRRR i 


r CUPklCAtf ••UNIT TYPE'' AUWnNO, HEATINO and riLTENINC OlL*eURNIka 
HMTALtATtON AE FITTEO TO THE 6 TEAMIR 6 "TCNAMimM ' •MAATABAN. * "HtN/ADA 
•OHINOWIN.' -CITV OF aOWBAY.*' AND "CITY OF COniuTH •* QAPaBlE OF OEYtbOPiNC S 
A.OOO I.HA $6 


Th* ABOVt syBUm* o» ournmfi «iv tuei are dd i»e pnAcipiB o> suppiyiDg dh to tut oomor* in B»Bh lutnoM under 
pronure tfftnnnu ol BuiUble pump« throu^n filters and neatere. The inMaHetiont have recently oaan ra-«ia«iBnad 
and the graatagt aopnomy and highaat aihoiency naa Dean optainad py aFnauative axoanmanta andaatuai trials at 
aaa on ahipa that have paan fitted 

An arrangamant la aiao previdaa with aacn mstaMation wnerepy steam can oe raiAett on aimer tha mam or 
donkey ooiiara with ell, ineuad ol brat navinit to iH up one bouar to bum ooai A >arge number of veaaaie have 
eiraady been fitted up with bom Patent eyaurna ana a numoar are aiso oaing tittao ar uie praaom time witn the 
lataat inataNationi under both natural and lerceo draugnt eyatema 
The advantage# of the ayaiama are ae toiiowii 

1. ConaMarabte reduction in total weight oombmad with greeter atrnngih of b<' parts axpbaeo (c DU ano ataam 
pressure 

S Tnaoii IF auDPlied to me Burneraataiew preaturaoraboui SO to 3&Jba par sQuara men tome Burnara. thereby 
reducing the dtrain on an part# of the inataiiation and effectively preventing any damage to the bouara 
B. Tfm etaann oiimaatere have oaan ra-daaignad and pataniaa ac that the straight steal luoeh can be witndrawn 
ter e«a>ninatiort, or renewal, without diaUirbing the ramawiing tubes in the tube pietes 
4. T-iia patent burner hoidare diepanae wim the unooi^Hing of any pipes to enable me Burners to pa changed or 
cleaned A Burner with tnia new arrangamam can be ramovad and replaced easily m 30 seconds, 
b. Two Bumera are ftttae to eaoh turnaoe (e 0000(0 oi) to be used at a low pressure and also to prevent the lire 
being complataly asunguiahod should a burner choke, as the remaining curnar can bo used alone until the 
other la oioaneb or changed 

e. The patent atarting Heater anaeies any eonar to o« nt up on on alone, and as this Heater la ooupieo to the main 
OH dahvary lino by Dya«paas oonnactiens, mars is no danger of fire anamg thfougn apnt on. as no Dipea have 
to be dlaoonnaotad The boners may be nt up b mmutaa attar m« starting haaiar is sUrtad. 

T. The tumaoa ironta are spaoially daaignad tor raplo conversion to coai or on burning m a few hours 
B The Pumping, Heating ana Pinanng section of the tnataiiaiioDS car oe meat up to suit any m p in me form of 
unit types of apparatus, as shewn <n me aoova iiiuatration 


POtt eSTIMATCS AND FUU RMTlCULAflS APPLY TO 

THt PATENTEES A»ao SOLE MAKERS 

SMITHS DOCRCO-LTR 

OIL BUliNINQ INSTALLATIONS OEPARTMENT, 

NORTH ^DEELDS. raiQLANDL 


TBiSBnOHBBv CiNTPAI.. HCbrCASriA 


t»WPlC,l»oaT»ainBU>B 




<iiNEII«.«IUCTIIHMU. aumnin & BOILEHIIAKEn 
VHSTORU wonts, GATESHEMMM-TyNE 


Tel. Add.: “CYCLOPS” GATESHEAD. 

Teliephone NO.: London OFi^df : QlasqowUOfwce T 

1073 CEliTRAL. * ' SO TENCHURCH STREET, 81 SfriVINbENT 'STREET* 

173 CITY. E.C. 



OIL FUEL 

THE FUEL OF THE 20th CENTURY 

EFF^01ENCY. ECONOMY. CLEANLINESS 


The Asiatic Petroleum Go., Ltd. 

ST HELEN’S COURT, GREAT ST HELEN’S, LONBON, EC. 3 

OM «tmnc* MippIlM «f 

OIL FUEL for MOTOR 0HIP8 and STEAMERS’ RONKERS at 


Adelaide i 

Alexandria 
Amsterdam 
Antwerp | 

Avonmouth | 

Augusta isicHj') I 

Barton (SMS) 

Ballxto(rj) i 

Balik Pappan 
Bangkok ; 

Batavia | 

Boelebaai Ceram 
Bombay 
Buenos Ayres 
Calcutta 
Canton 
Cape Town 
Christiania fsoon) 
Colombo 


Colon (Psnanu Canal) 

Cura9ao 

Gem.sah 

Glasgow 

Hankow 

Hong Kong 

Hull 

Hurghada 
Karachi 
La Guayra 
Las Palmas 
Liverpool 
Lisbon 

London (S,) 

Macassar 

Maracaibo 

Mai mo 

Malta 

Mombasa 


Madras 
Melbourne 
Montreal 
Nagasaki 
New York 
New Orleans 
Paleml>ang 
Pangkalan 

Berandan 
Penang 
Portland (Ore.) 

Port Said 
Pulo Bukom 
IHiIoe Samboe 
Rotterdam 
Rouen 

Rio de Janeiro 
Sabang 
Sailozdki 
SalinaCruz (Ktrific) 


San Francisco 
San Pedro 
Santos 

Seattle (Waslungton) 

Shanghai 

Singapore 

Soerabaya 

Stockholm 

Suez 

Sydney 

St Thomas (m^ec) 

Svolvaer 

Tampico 

Tarakan 

Trinidad 

Tuxpan 

Vancouver 

Vera Cruz 

Yokohama 


And New Stations wilJ be ready very shortly at 


Antofagasta 

Barcelona 

Bermuda 

Bil^o 

Bordeaux 

Cebu 

Constantinople 

Copenhagen 

Dunkirk 


Funchal (Madeira) 

Genoa 

Gibraltar 

Gothenburg 

Granton 

Hamburg 

Havre 

Ilo Ilo 

Iquique 


OUVERS desiring infornation re- 
^ garding supplies of and price foi 
, Oil Fuel for ii$e in Internal<co(nbus> 
HiiiiHiiMu tion Engines or for other purposes, 
should apply to The Aalatlc 
Petroleum Co., Ltd., at the above 
address. 


Manila 

Marseilles 

Montevideo 

Perim 

Pernambuco 
Pirieus 
Port Louis 
Port Soudan 


Port St Louis 

du Rhone 
Southampton 
Spezia 
Si Vincent 
St Nazaire 
Valparaiso 
Vado 


'T'HE Asiatic Petroleum Company 
*■ al.so supply Kerosene Oil for 
use in the smaller Internabcombusiion 


Engines, and are prepared to supply •••vimiHnni 

Petroleum Spirits, LubrlcMtlng 
Oils, Wax and Greases in all Far 
Eastern Markets. 



COCHRAN 

BOILERS 



UP TO 
1000 SQ. FT. 

HEATING 

SURFACE 


ECONOMICAL 

ACCESSIBLE 

RELIABLE 

PORTABLE 


WRITE FOR CATALOGUE 


COCHRAN & CO. 
ANNAN, LTD. 
ANNAN, SCOTLAND 


Teiefframs; '* MULTITUBE.” ANNAN 
Telephone : No. 2 ANNAN 


THE 

Petroleum Times 

PUBLISHED WEEKLY I’RK'E 6d. 

ae/ I'fck ANM M FRI,H IHROUt.HOtl IHI WORLD 

The International Petroleum Journal 

“The Petioleum Timeh** (founded and edited by Aim ki 
Lidgi 1 1 ) lb the most influential and widtly circulate<I 
petioleum journal punted in the Uniud Kinj^doin 

The fait that )ou an f/ns fool that Otl 

some intend to von Ihtn xotiii for a sputHnu 
lOpy of '''Ike Pittalium fimts^' wktik lull ^ adly h \tni 

Irlr^iam** Par ilielJ, I ondjii Phoiu C ‘iitwl IHHS 

/ itrpnai and Pidtiditn^ Or/u* \ 

4 Broad Street Place, London, E.C.2 

i Human (>*/u.ts 

120 Broadway, New YorK, U.S.A. 


Oil . Burners 

VcRTIOAU OoBHiSH. LA NOAfiMIM BoiLKfIS, Ufi. 







Liquid puel Bumitig 

Holden’s Patent System 

For all types of Boilers 



No pumps required 
Perfect combustion 
Easily fitted 
No alteration necessary 
to existing furnace 


TAITE & CARLTON, Sanctuary House. 

33 Tothill Street, Westminster, S.W. 1 


The Whessoe Foundry and 
Engineering Co. Ltd. 

THE LARGEST MAKERS OF 

TANKS 

FOR STORAGE OF FUEL OIL, SPIRIT, ACIDS 
AND ALL OTHER LIQUIDS 


on Refinery Plant, Riuetted Steel Piping, Cast Iron Water Tanks, and 
General Structural Work 

Works: DARLINGTON # London OfficO; 106 Cannon 8t., e.c.4 
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